Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



O THE 



HAND-BOOK OF ARTILLERY, 



FOB THX 



SERVICE OF THE TmiTED STATES 

(ARMY AND BOLITIA). 



BT 



CAPT. JOSEPH ROBERTS, 

4th Rxqt. Art. U. S. Armt. 



NEW YORK: 

D. VAN NOSTRAND, 

1860. 



^^r^i-^8,U0.3 






, / 



t . 



d- (' '"'' '■ ^ ^- 






^ ! ; / . I'd 



^1 • 



J 









Entered according to Act of Congress, in the year 1860, by 

JOSEPH ROBERTS, 

In the GlQrk^s Office of the District Court of the United States for th« 

Southern District of NewYorki 



- ~ ■ ■ 



Bakkb dfe Godwin, Pi inters, 
Priatbg Howe Square, oppoiiU City Hall, N. T« 



I'' •),'•■ 

» - 






\A/ar A2S>S.CO,E 



PROCEEDINGS. 



The following Report was made by the Committee 
appointed at a meeting of the staff of the Artillery School 
at Fort Monroe, Ya., to whom the commanding officer of 
the School had referred this work : 

Your Committee to which has been referred the consid- 
eration of the work of Captain Roberts, proposed as a text- 
book for the Artillery School, beg leave to submit the 
following Report, viz. : 

The work submitted by Captain Roberts, and entitled 
" Hand-book of Artillery," embraces sections on the follow- 
ing subjects. 

[For subjects see Table of Contents, page '7.] 

Under each of these heads, except the last, the work 
contains a number of questions and answers. Your Com- 
mittee have carefully examined each of these questions 
and their con*esponding answers, and find that the answers 
have been principally drawn from the following sources, 
viz. : Gibbon's Artillerist's Manual, Light and Heavy Artil- 
lery Tactics, and the Ordnance Manual, all of which works 
have been authorized by the War Department. Wherever 
the prescribed authorities furnlBbi the m^«XL% oi v&k^<£cvc^% 
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the questions, they appear to have been followed as closely 
as possible. 

The idea of the arrangement, and a few of the ques- 
tions and answers, appear to have been taken from '' Burns 
Questions and Answers on Artillery ; " but that work has 
been so far deviated from, as fairly to entitle the present 
work to be considered as an original compilation. 

In the opinion of your Committee, the arrangement of 
the subjects and the selection of the several questions and 
answers have been judicious. The work is one which may 
be advantageously used for reference by the officers, and 
is admirably adapted to the Instruction of non-conmiis- 
sioned officers and privates of Artillery. 

Your Committee do therefore recommend that it be 
substituted as a text-book in place of " Burns' Questions 
and Answers on Artillery." 



(Signed) 


I. V0GDE3, 




Capt. IsT Art't. 


(Signed) 


E. 0. C. ORD, 




Capt. 3d Art*t. 


(Signed) 


J. A. HASKIN, 




BvT. Maj. and Capt. 1st Art't. 



The preceding Report was adopted, and the Staff recom- 
mended this work as a book of instruction at the Artiller]^ 
School, in Heu of ''Burns* Questions and Answers on 
Artillery." 



PREFACE. 



The following compilation originated in an 
attempt to adapt Lieut. Col. Burns' " Questions 
and Answers on Artillery " to the United States 
service. The British artillery being very different 
from ours, it was found necessary to omit many 
of Bums' questions, and to introduce others. 

The compiler is under great obligations to 
several of his brother officers at Fort Monroe 
(especially to Major Haskin, 1st Artillery), for 
their kindness in assisting him in the compilation 
of this little volume, and for important sugges- 
tions in the revision of many of the " answers." 

FOBT MONBOK, Va., 1860. 
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PAET I. SECTION L 



ARTILLERY IN GENERAL. 

1. WTiat is understood hy the term Artillery ? 
Heavy fire-arms of every description. 

2. How many kinds of Artillery are employed in 
the land service of the United States ? 

Four, viz. : Guns, Howitzers, Columbiads, and 
Mortars. 

3. How are these pieces distinguished ? 
According to their use, as Sea-coast, Garrison, 

Siege, and Field Artillery. 

4. What metals are used in the construction of 
Artillery f 

All heavy artillery, such as that for sea-coast, 
siege, and garrison equipment, is made of iron ; 
and Uiat for field service, of bronze. 
2 
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5. What is bronze for cannon ? 

An ALLOY consisting of 90 parts of copper and 
10 of tin, allowing a variation of one part of tin 
more or less. It is commonly called brass, 

6. Why is bronze used in preference to iron, for 
field pieces f 

This metal, having greater tenacity and strength 
than iron, the pieces can be made lighter. 

7. In what respect does iron merit a preference / 
Iron is less expensive than bronze, and is more 

capable of sustaining long-continued firing with 
larger charges ; such pieces are, therefore, better 
calculated for the constant heavy firing of sieges, 

Note. — In the sieges in Spain, bronze guns could never 
support a heavier fire than 120 rounds in twenty-four 
hours, and were never used to batter at distances exceeding 
300 yards ; whereas, with iron guns, three times that num- 
ber of rounds were fired with effect, from three times the 
distance, for several consecutive days, without any other 
injury than the enlargement of their vents. The compara- 
tive power of conducting heat in iron and copper being 
respectively as 8. 743 to 8.932, taking gold at 10.000, it is 
evident that in practicing with iron and bronze pieces of 
the same calibre, it would soon become necessary to reduce 
the charges in the bronze pieces, and, also to increase the 
time between the discharges, to prevent their softening and 
droopine; while with iron, full charges and rapid firing 
may be kept up. 

8. What additional objection ha^ been urged to 
bronze for cannon ? 

The difficulty of forming a perfect alloy, in con- 
sequence of the difference of fusibility of tin and 
copper, 

9. What iron pieces are used in the land service ? 
22, 13, and 24-pdr. siege and garnaon ^ma^ 
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32 and 42-pdr. sea-coast guns, 8-in. siege and 
24-pdr. garrison howitzers, 8 and 10-in. sea-coast 
howitzers, 8 and 10-in. columbiads, 8 and 10-in. 
siege, and 10 and 13-in. sea-coast mortars. 

Note. — ^The 24-pdp. eprouvette is also of iron, and used 
for the proof of powder. 

10. What are the kinds of bronze pieces in use 
at present ? 

6 and 12-pdr. field guns ; 12-pdr. mountain 
howitzer ; 12, 24, and 32-pdr. field howitzers ; 
stone and 24-pdr. Coehom mortars. 

1 1 . What is a battery ? 

This term is applied to one or more pieces, or 
to the place where they are served. 

12. What regulate the dimensions of cannon ? 

The tenacity and elasticity of the metals em- 
ployed in their fabrication. Their thickness must 
be proportioned to the effect developed by the 
powder ; and the length is determined by experi- 
ment, and should not exceed 24 calibres. The ex- 
terior surface of a cannon is composed of several 
surfaces, more or less inclined to the axis of the 
bore, the forms of which have been determined by 
experiment. 

13. Why is a piece made stronger near the breech 
than towards the muzzle ? 

Because the elastic force of the inflamed gun- 
powder is there greatest, constantly diminishing 
in intensity as the space increases in which it acts. 

14. What is the length of a piece ? 

The distance from the rear of the base-ring to 
the face of the piece, 

15. What is the extreme length ? 
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From the rear of the cascable to the face. 

16. What is the bork of a piece ? 

It includes the part bored out, viz. : the cylinder, 
the chamber (if there is one), and the conical or 
spherical surface connecting them. 

17. What is understood by ike calibrb of a 
piece P 

The diameter of the bore. 

18. How do you ascertain the number of calibres 
in a piece ? 

Divide the length of the cylinder, in inches, by 
the number of inches in the calibre. 

19. The number of calibres being known, how do 
you find the length of the cylinder ? 

Multiply the number of calibres by the calibre 
in inches. 

20. Whxit is meant by the sights of a piece ? 
Artificial marks on the piece for determining the 

line of fire. 

21. How are the sights determined? 

Usually by means of the gunner's level, when 
the trunnions are perfectly horizontal. 

22. What is the line of metal or the natural 
line of sight f 

It is a line drawn from the highest point of the 
base-ring to the highest point on the swell of the 
muzzle. 

23. What is the axis of a piece f 

An imaginary line passing through the centre of 
the bore. 

24. What is the natural angle of sight ? 

It is the angle which the natural line of sight 
makes with the axis of the piece. 

25. What is the dispart of a piece F 
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It is the difference of the semi-diameter of the 
base-ring and the swell of the muzzle, or the muz- 
zle-band. It is, therefore, the tangent of the 
natural angle of sight to a radius equal to the dis- 
tance from the rear of the base-ring to the highest 
point of the swell of the muzzle, or the front of the 
muzzle-band, as the case may be, measured paral- 
lel to the axis. 

26. CHve the nomenclature of a piece ? 

The CAscABLE is the part of the gun in rear of 
the base-ring, and is composed generally of the 
knob, the neck, the Jillety and the base of the breech. 

The BASE OF THE BREECH is & frustum of a 
cone, or a spherical segment in rear of the breech. 

The BASE-RING is a projecting band of metal ad- 
joining the base of the breech, and connected with 
the body of the gun by a concave moulding. 

The BREECH is the mass of solid metal behind 
the bottom of the bore, extending to the rear of 
the base-ring. 

The REINFORCE is the thickest part of the body 
of the gun, in front of the breech ; if there be more 
than one reinforce, that which is next the breech is 
called the j^rst reinforce ; the other the second 
reinforce. 

The REINFORCE BAND is at the junction of the 
first and second reinforces in the heavy howitzers 
and columbiads. 

The CHASE is the conical part of the gun in front 
of the reinforce. 

The ASTRAGAL AND FILLETS in field guns, and 
the chase ring in other pieces, are the mouldings at 
the front end of the chase. 
2* 
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The NBOK is the smallest part of the piece ii 
front of the astragal or the chase ring. 

The SWELL OF THE MUZZLE is the largest part o 
gun in front of the neck. It is terminated by th( 
muzzle mouldings, which in field and siege guns 
consist of the lip a,ndjillet. In sea-coast guns an( 
heavy howitzers and columbiads, there is no fillet 
In field and siege howitzers, and in mortars, i 
muzzle-band takes the place of the swell of th 
muzzle. 

The FACE of the piece is the terminating plan- 
perpendicular to the axis of the bore. 

The TRUNNIONS are cylinders, the axes of whid 
are in a line perpendicular to the axis of the bore 
and in the same plane with that axis. 

The RiMBASES are short cylinders uniting th 
trunnions with the body of the gun. The ends c 
the rimbases, or the shoulders of the trunnions, ar 
planes perpendicular to the axis of the trunnions. 
The BORE of the piece includes all the par 
bored out, viz.: the cylinder, the chamber (i 
there is one), and the conical or spherical surfac 
connecting tnem. 

The CHAMBER in howitzers, columbiads, an« 
mortars, is the smallest part of the bore, and cor 
tains the charge of powder. In the howitzers an- 
columbiads,* the chamber is cylindrical; and i 
united with the large cylinder of the bore by 
conical surface ; the angles of intersection of thi 
conical surface with the cylinders of the bore an 
chamber, are rounded (in profile) by arcs of circles 
In the 8-inch siege howitzer, the chamber is unite 

*The new columbiad is made without a chamber. 
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with the cylinder of the bore by a spherical sur- 
face, in order that the shell may, when necessary, 
be inserted without a sabot. 

The BOTTOM OP THE BORE (to facilitate sponging) 
is a plane perpendicular to the axis, united with 
the sides (in profile) by an arc of a circle the 
radius of which is one-fourth of the diameter of the 
bore at the bottom. In the columbiads, the heavy 
sea-coast mortars, stone mortar, and eprouvette, 
the bottom of the bore is hemispherical. 

The MUZZLE, or mouth of the bore, is chamfered 
to a depth of 0.15 inch to 0.5 inch (varying with 
the size of the bore), in order to prevent abrasion, 
and to facilitate loading. 

The TRUE WINDAGE is the difference between the 
true diameters of the bore and of the ball. 

27. What is the vent? 

The aperture through which fire is communi- 
eated to the charge. 

28. What is to he observed in reference to the 
diameter of the vent ? 

It should be as small as the use of the priming 
wire and tube will allow. 

29. Why? 

As the velocity of the gases arising from the 
combustion of the powder is extremely great, 
a large amount escapes through the vent, which 
contributes nothing to the velocity of the projec- 
tile. It therefore follows, that the effect produced 
by a given charge will diminish as the diameter of 
the vent increases. Besides, on account of the in- 
crease of power in the current that escapes from 
them, large vents are more rapidly injured than 
small ones. 



16 HAND-BOOK OF AETILLEKT. 

30. What is the diameter of the vent f 

0.2 of an inch in all pieces except the eprouvette, 
in which it is 0.1. 

31. What is the position of the axis of the ventf 
The axis of the vent, is in a plane passing 

through the axis of the bore, perpendicular to 
the axis of the trunnions. In guns, and in howit- 
zers having cylindrical chambers, the vent is 
placed at an angle of 80® with the axis of the bore, 
and it enters the bore at a distance from the bot- 
tom equal to one-fourth the diameter of the bore. 
As this inclination renders it easy to pull the fric- 
tion tube out of the vent, that of the nev^ 12-pdr. 
field gun, and the new columbiads has been placed 
perpendicular to the axis. 

32. What are the quarter-siohts of a piece 9 
Divisions marked on the upper quarters of the 

base ring, commencing where it would be inter- 
sected by a plane parallel to the axis of the piece, 
and tangent to the upper surface of the trunnions. 

Note. — Not used in our service. 

33. To. what use are the quarter-siffhts applied ? 
For giving elevations up to three degrees ; but 

especially for pointing a piece at a less elevation 
than the natural angle of sight. 

34. What is a breech-sight ? 

An instrument having a graduated scale of tan- 
gents, by means of which any elevation may be 
given to a piece. 

35. How are the divisions of the tangent scale 
found f 

By taking the length of the piece, from the rear 
of the base-ring to the swell of the muzzle, meas- 
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ured on a line parallel to the axis, and multiplying 
it by the natural tangent of as many degrees as 
may be required; and then deduct the dispart. 
Thus, for 5° elevation, and the gun supposed to be 
5 feet, or 60 inches long, multiply .08748, which 
is the natural tangent of 5°, by 60 ; the product 
gives 5.2488 inches ; supposing the dispart to be 
1 inch, the graduating of the tangent scale will be 
4.2488 inches. 

36. With what pieces are breech-sights used ? 
Guns and howitzers. 

37. What is a pendulum hausse ? 

It is a tangent-scale, the graduations of which 
are the tangents of each quarter of a degree of ele- 
vation, to a radius equal to the distance between 
the muzzle-sight of the piece, and the axis of vibra- 
tion of the hausse, which is one inch in rear of the 
base-ring. At the lower end of the scale is a brass 
bulb filled with lead. The slider which marks the 
divisions on the scale is of thin brass, and is 
clamped at any desired division on the scale by 
means of a screw. The scale passes through a 
slit in a piece of steel, with which it is connected 
by a screw, forming a pivot on which the scale can 
vibrate laterally. This piece of steel terminates 
in pivots, by means of which the pendulum is sup- 
ported on the seat attached to the gun, and is at 
liberty to vibrate in the direction of the axis of 
the piece. The seat is of metal, and is fastened to 
the base of the breech by screws, so that the cen- 
tres of the steel pivots of vibration shall be at a 
distance from the axis of the piece equal to the 
radius of the base-ring. 

A MUZZLE-SIGHT of irou is screwed mlo \A\fc ^-^^ 
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of the muzzle of guns, or into the middle of the 
muzzle-ring of howitzers. The height of this sight 
is equal to the dispart of the piece, so that a fine 
joining the muzzle-sight and the pivot of the tan- 
gent-scale is parallel to the axis of the piece. 

38. What is a gunner' s-lkvbl, or gunner* a per- 
pendicular f 

An instrument made of sheet-brass ; the lower 
part is cut in the form of a crescent, the points of 
which are made of steel ; a small spirit-level is 
fastened to one side of the plate, parallel to the 
line joining the points of the crescent, and a slider 
is fastened to the same side of the plate, perpen- 
dicular to the axis of the level. 

39. What is it used for f 

To mark the points of sight on pieces. 

40. What is a plummet ? 

A simple line and hoh for pointing mortars. 

41. What is a gunner's quadrant? 

It is a graduated quarter of a circle of sheet- 
brass, attached to a brass rule 18 inches long. It 
has a vernier turning on a pivot, to which is at- 
tached a spirit level. To get a required elevation, 
the vernier is fixed at the indicated degree, the 
brass rule is then inserted in the bore parallel to 
the axis of the piece ; the gun is then elevated or 
depressed until the level is horizontal. 

There is another graduated quadrant of wood, 
of 6 inches radius, attached to a rule 23.5 inches 
long. It has a plumb-line and hoh, which are car- 
ried, when not in use, in a hole in the end of the 
rule, covered by a brass plate. 

42. What is an elevating arc, and its use f 

It is an arc attached to the rear part of the 



ABTILLEBY IN GENERAL. 19 

cheek of a gun-carriage, having its centre in the 
axis of the trunnions; the arc is graduated into 
degrees and parts of a degree. By placing the 
axis of the piece horizontal, and marking the 
breech at any one of the divisions on the arc, any 
elevation or depression required will be noted by 
the number of degrees below or above this mark. 
It turns on a pivot which admits of the arc, when 
not in use, being placed inside the cheek to which 
it is attached. 

43. What is the use of the knob of the cascable ? 

To facilitate the handling of the piece in mount- 
ing and dismounting it, and moving it when off its 
carriage. 

44. Of what use are. the trunnions of a piece f 
By means of them the piece is attached to its 

carriage ; and by being placed near the centre of 
gravity, it is easily elevated or depressed. 

45. What are the dolphins of a piece ? 

Two handles placed upon the piece with their 
centres over the centre of gravity, by which it is 
mounted or dismounted. 

46. Are all pieces provided with dolphins? 
Only the 12-pdr. brass guns, and the 24 and 

32-pdr. brass howitzers. 

47. What is understood hy the preponderance of 
a piece ? 

It is the excess of weight of the part in rear of 
the trunnions over that in front ; it is measured by 
the weight which it is necessary to apply in the 
plane of the muzzle to balance the gun when sus- 
pended freely on the axis of the trunnions. 

48. Why is this preponderance given ? 

To prevent the sudden dipping of the muzzle, in 
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firing, and violent concussion on the carriage at the 
breech. 

49. WTuit is hushing a piece of artillery ? 

Inserting a piece of metal about an inch in dia- 
meter (near the bottom of the bore), through the 
centre of which the vent has been previously 
drilled. It is screwed in. 

50. What kind of metal is used for bashing 
bronze pieces ? • 

Pure copper always, which is not • so liable to 
run from heat as gun metal. ' . 

61. What is the object of b^shirig a piece ? 

To prevent deterioration of the vent, or provide 
a new one when this has already occurred* 

52. Is all new artillery bushed? 

No, only bronze pieces, and iron pieces, only when 
repeated firing has rendered it absolutely neces- 
sary. 

53. How is artillery rendered unserviceable ? 

I. Drive into the vent a jagged and hardened 
steel spike with a soft point, or a nail without a 
head ; break it off flush with the outer surface, and 
clinch the point inside by means of the rammer. 

II. Wedge a shot in the bottom of the bore by 
wrapping it with felt, or by means of iron wedges, 
using the rammer or a bar of iron to drive them in. 

III. Cause shells to burst in the bore of bronze 
guns. 

IV. Fire broken shot from them with large 
charges. 

V. Fill the piece with sand over the charge, to 
burst it. 

VI. Fire a piece against another, muzzle to muz- 
zle, OT the muzzlQ of one to the chase of the other. 
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VII. Light a fire under the chase of a bronze 
run, and strike on it with a sledge, to bend it. 

VIII. Break off the trunnions of iron guns ; or 
t)urst them by firing them at a high elevation, with 
leavy charges and full of shot. 

54. State how to unspike apiece. 

If the spike is not screwed in or clinched, and 
the bore is not impeded, put in a charge of powder 
J of the weight of the shot, and ram junk wads 
over it ; laying on the bottom of the bore a slip of 
wood, with a groove on the under side containing 
a strand of quick-match, by which fire is com- 
municated to the charge. In a brass gun, take 
out some of the metal at the upper orifice of the 
vent, and pour sulphuric acid into the groove, and 
let it stand some hours before firing. If this 
method, several times repeated, is not successful, 
unscrew the vent piece if it be a brass gun ; and if an 
iron one, drill out the spike, or drill a new vent. 

55. Explain how to drive out a shot wedded in the 
bore. 

Unscrew the vent piece, if there be one, and drive 
in wedges so as to start the shot forward ; then 
ram it back again in order to seize the wedge with 
a hook; or pour in powder, and fire it after replac- 
ing the vent piece. In the last resort, bore a hole 
in the bottom of the breech, drive out the shot, 
and stop the hole with a screw. 

56. What is scaling a piece of artillery f 
Flashing off a small quantity of powder to clean 

out the bore ; about y^ of the shot's weight. The 
practice is discontinued. 

57. How are cannon in our service marked f 

As follows, viz : The numher of iht gutv «cA 
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the initials of the inspector's name on the face of 
the muzzle, — ^the numbers in a separate series for 
each kind and calibre at each foundry ; the initial 
letters of the name of the founder ^ and of the foun- 
dry, on the end of the right trunnion ; the year of 
fabrication on the end of the left trunnion; (he 
foundry number on the end of the right riml&ase, 
above the trunnion ; the weight of the piece in 
pounds on the base of the breech ; the letters U. S. 
on the upper surface of the piece, near the end of 
the reinforce. 

58. WTiat marks are used to designate condemned 
pieces P 

Pieces rejected on inspection are marked X C 
on the face of the muzzle ; if condemned for errone- 
ous dimensions which cannot be remedied, add X 
D ; if by powder proof, X P ; if by water proof, 
XW. 

59. WTuit are the kinds of proof which artillery 
must undergo, before being received into the service f 

1st. They are gauged as to their several dimen- 
sions, internal and external ; as to justness and 
position of the bore, the chamber, vent, trunnions, 
&c. 

2d. They are fired with a regulated charge of 
powder and shot, being afterwards searched to 
discover irregularities or holes produced by the 
firing. 

3d. By means of engines, an endeavor is made 
to force water through them. 

4th. They are examined internally, by means 
of light reflected from a mirror. 

60. Are brass cannon liable to external injury, 
caused by service ? 
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ITiey are little subject to such injury, except 
from the bending of the trunnions sometimes, after 
long service or heavy charges. 

KoTB. — ^Recent experimenta at Fort Monroe show that 
Irnus guns, when rifled, and fired with lar^ charges and 
Iteayy shot, expand so much that the projectile does not 
take the grooves. 

61. What are the causes of internal injury f 
Internal injuries are caused by the action of the 

elastic fluids developed in the combustion of the 
powder, or by the action of the shot in passing out 
of the bore. 

62. Name the injuries of the first kind. 
Enlargement of the bore by the compression of 

the metal ; corrosion of the metal at the inner orifice 
of the vent, or at the mouth of the cylindrical 
chamber ; cracks, from the yielding of the cohe- 
sion of the metal; cavities, cracks enlarged by 
the action of the gas, and by the melting of the 
metal, observable especially in the upper surface 
the bore. 

63. Name those of the second kind. 

The lodgment of the shot, — a compression of the 
metal on the lower side of the bore, at the seat of 
the shot, which is caused by the pressure of the 
gas in escaping over the top of the shot. There is 
a corresponding burr in front of the lodgment; and 
the motion thereby given to the shot causes it to 
strike alternately on the top and bottom of the bore, 
producing other enlargements, generally three in 
number: the first, on the upper side a little in ad- 
vance of the trunnions ; the second, on the lower 
side about the astragal ; the third, m t»\v<^ x^l^^^t 
part of the muzzle ; it is chiefty feoxa. ^^a Q»»a.^ 
that brass guna become unservice«AAe. ScratcKe* 
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caused by the fragments of a broken shot, or the 
roughness of an imperfect one ; enlargement of the 
muzzle by the striking of the shot in leaving the 
bore ; external cracks, or longitudinal slits, caused 
by too great a compression of the metal on the inside. 

64. When is apiece said to he honeycombed? 
When the surface of the bore is fiill of small 

holes or cavities. 

65. To what is this due f 

To the melting and volatilization of a portion of 
the tin in the alloy ; tin being much more fusible 
than copper. 

66. Do LODGMENTS cause an inaccuract/ of fire ? 
They do. 

67. Sow may this in a measure be remedied^ 
By using a wad over the cartridge, in order to 

change the place of the shot ; or by wrapping the 
shot in woollen cloth or paper, so as to diminish 
the windage. In field guns, the paper cap which 
is taken off the cartridge should always be put 
over the shot. 

68. To what injuries are iron canngn subject ? 
To the above defects in a less degree than brass, 

except the corrosion of the metal, by which the 
vent is rendered unserviceable from enlargement. 
The principal cause of injury to iron cannon is the 
rusting of the metal, producing a roughness and 
enlargement of the bore, and an increase of any cavi- 
ties or honeycombs which may exist in the metal. 

69. How may you judge of the service of an iron 
gun? 

Generally by the appearance of the vent. 

70. What rules are laid down for the preservaium 
of artillery f 
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Cannon should be placed together, according 
to kind and calibre, on skids of stone, iron, or 
wood, laid on hard ground well rammed and cov- 
ered with a layer of cinders or of some other 
material to prevent vegetation. In case of guns 
and long howitzers, the pieces should rest on the 
skids in front of the base ring and in rear of the 
astragal, the axis inclined at an angle of 4° or 5° 
with the horizon, the muzzle lowest, the trunnions 
touching each other ; or the trunnion of one piece 
may rest on the adjoining piece, so that the axis 
of the trunnions may be inclined about 45° to the 
horizon ; the vent down, stopped with a greased 
wooden plug, or with putty or tallow. The pieces 
may be piled in two tiers, with skids placed be- 
tween them exactly over those which rest on the 
ground ; the muzzles of both tiers in the same 
direction and their axes preserving the same in- 
clination. In case of short howitzers and mortars, 
the pieces should stand on their muzzles, resting 
on thick planks, the trunnions touching, the vents 
stopped. 

71. What additional precautions should he ob- 
served in case of iron pieces ? 

They should be covered on the exterior with 
a lacker impervious to water ; the bore and the vent 
should be greased with a mixture of oil and tal- 
low, or of tallow and beeswax melted together and 
boiled to expel the water. The lacker should be 
renewed as often as necessary, and the grease at 
least once a year. The lacker and grease should 
be applied in hot weather. The cannon should be 
frequently inspected, to see that moisture does not 
collect m the bore. 

8* 
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PART I. SECTION 11. 



ON GUNS. 

1. What are Gvjsal 

Long cannon without chambers. 

2. Sow are guns denominated? 

By the weight of their respective shot. 

3. Whdt are the principal parte of a gun ? 
The cascable, breech, reinforce, chase, and 

muzzle. 

4. What proportion usually exists between the 
length and calibre of a gun ? 

It varies from 15 to 23 calibres. 

5. What proportion does the dispart of a gun 
bear generally to its length f 

About a sixtieth part in field guns, about a 
thirtieth part in sea-coast, and about a thirty- 
eighth part in siege and garrison guns. 

6. What is the natural angle of sight in siege 
and garrison guns ? 

One degree and thirty minutes. 

7. What is it infield guns f 
One degree. 

8. Why have sea-coa^t guns no natural line of 
sight / 

Because the swell of the muzzle is not visible 
when the eye is on a level with the base ring. 

9. Upon what are guns mounted? 

On field, siege, barbette or casemate carriages. 
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10. What projectiles are used with guns ? 
Solid shot, spherical case, grape, and canister. 

11. About what are the weights of the different 
guns? 

6-pdr., 884 lbs. ; brass 12-pdr., 1,757 lbs. ; iron 
12-pdr., 3,590 lbs. ; 18-pdr., 4,913 lbs. ; 24-pdr., 
5,790 lbs.; 32-pdr., 7,200 lbs. ; 42-pdr., 8,465 lbs. 

12. Give the entire length of the several guns ? 
6-pdr. field-gun, 65.6 inches; 12-pdr. field- 

gun.y 85 inches; 12-pdr. iron gun, 116 inches; 
18-pdr., 123.25 inches; 24-pdr., 124 inches; 
82-pdr., 125.2 inches ; 42-pdr., 129 inches. 
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PART L SECTION IH. 



ON HOWITZERS. 

1. What is a Howitzer ? 

A chambered piece, of larger calibre than a gun 
of like weight, and mounted in a similar manner. 

2. What form of chamber is given to howitzers f 
That of a cylinder. 

3. How is it united with the large cylinder of the 
bore ? 

By a conical surface, except in the 8-inch siege 
howitzer, where it is united with the cylinder of 
the bore by a spherical surface, in order that the 
shell may — ^when necessary — ^be inserted without 
a sabot. 

4. What advantages are gained by the employ- 
ment of howitzers ? 

They project larger shells than the guns with 
which they are associated, are well adapted for 
ricochet fire, the destruction of field works, break- 
ing down palisades, and setting fire to buildings. 

5. What projectiles are used with howitzers ? 
Shells usually, spherical case, canister, grape 

and carcasses. 

6. Give the entire length of the several howit- 
zers ? 

Iron 10-inch, 124.25 inches ; 8-inch sea-coast, 
109 inches ; 8-inch siege and garrison, 61.5 inches; 
24-pdr. garrison, 69 inches; 32-pdr. field, 82 
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inches; 24-pdr. field, 71.2 inches ; 12-pdr. field, 
58.6 inches ; mountain, 12-pdr., 37.21 inches. 

7. What is the weight of a howitzer of each 
hnd? 

10-inch, 9,500 lbs. ; 8-inch sea-coast, 5,740 lbs. ; 
8-inch siege and garrison, 2,614 lbs.; 24-pdr. gar- 
rison, 1,476 lbs.; 32-pdr. field, 1,920 lbs.; 24-pdr. 
field, 1,318 lbs. ; 12-pdr. field, 788 lbs. ; 12-pdr. 
mountain, 220 lbs. 

8. What is the natural angle of sight in siege 
ond garrison and field howitzers ? 

One degree. 

9. What in mountain howitzers ? 
Thirty-seven minutes. 

10. Why have seorcoast Jiowiizers no natural line 
of sight? 

Because the swell of the muzzle is not visible 
when the eye is on a level with the base ring. 
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PART I. SECTION IV. 



ON COLUMBIADS. 

1. What is a Columbiad 1 

A gun of much larger calibre than the ordmary 
gun, used for throwing solid shot or shells. 

2. What are some of the peculiarities of this gun, 
when mounted in barbette ? 

Its carriage gives a vertical field of fire from 5° 
depression to 39° elevation ; and a horizontal field 
of fire of 360°. 

3. Are these pieces ckamhered ? 

Those of the old pattern have chambers ; but they 
are now cast without any. 

4. Give the weight of this piece ? 
10-inch, 15,400 lbs. ; 8-inch, 9,240 lbs. 

5. What is the entire length of this gun f 
10-inch, 126 inches ; 8-inch, 124 inches. 

6. What is the natural angle of sight in this 
piece ? 

8-inch, 1° 23'; 10-inch, 1° 21'. 
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PART I. SECTION V. 



ON MORTARS. 

1. What is a MoBTAB ? 

The shortest piece in service ; the trunnions are 
placed in rear of the vent at the breech ; the bore 
is very large in proportion to the length, and is 
provided with a chamber. 

2. What are the principal advantages obtained 
by the employment of mortars f 

Beaching objects by their vertical fire — such as 
a town, battery, or other place — ^whose destruction 
or injury cannot be effected by direct or ricochet 
fire ; dismounting the enemy's artillery ; setting 
fire to and overthrowing works ; blowing up maga- 
zines; breaking through the roofs of barracks, 
casemates, &c. ; and producing havoo and dis- 
order amongst troops, 

3. What do you mean by vertical Jire ? 

That produced by firing the mortar at a high 
elevation. 

4. What are its advantages ? 

The shell having attained a great elevation, de- 
scends with great force on the object, in conse- 
quence of the constant action of the force of gravity 
on it. 

5. Why are mortars constructed stronger and 
shorter than other pieces ? 

Because greater resistance is required in con- 
sequence of the high elevation under which they 
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are fired; and were they longer, the diflScultj 
experienced in loading them would become toe 
great. 

6. Wht/ is a mortar constructed with a chamber \ 
In consequence of employing various chai^ 

some very small, it becomes necessary to use i 
chamber to concentrate the charge as much ai 
possible, so that the shell may be acted on by flw 
entire expansive force of the powder. 

7. What form of chamber is given to mortars f 
Usually that of a frustum of a cone. The hot 

tom is hemispherical in the sea-coast, stone, an( 
eprouvette mortars. In siege mortars it is a plarn 
surface, the angles of intersection being rounded ii 
profile by arcs of circles. 

8. What is this form of chamber called f 
Gomer Chamber. 

9. What is the advantage of the conical over ih 
cylindrical chamber ? 

Cylindrical chambers are objectionable, as thi 
projectile is frequently broken in consequence o 
the small surface exposed to the action of th' 
charge. This defect is obviated by large cham 
bers, and particularly by those that are conical, ii 
which the charge is expended upon nearly a hem 
isphere. . 

10. What form of chamber has the eprouvette 
That of a cylinder, it being the only morta 

whose chamber is of this shape. 

11. How are mortars mounted f ^ 
On beds of wood or iron. 

12. What is the object of mounting mortars c 
beds in preference to wheel carriages f 

On account of the high elevation at which the 
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ire usually fired, when the recoil, instead of forcing 
he piece backwards, tends to force it downwards, 
md this tendency becomes so great at the higher 
angles that no wheel-carriage could long sustain 
the shock. 

13. What is the entire length of each mortar ? 
13-inch, 53 inches ; 10-inch sea-coast, 46 inches ; 

10-inch siege, 28 inches; 8-inch, 32.5 inches; 
stone mortar, 31.55 inches ; coehorn, 16.32 inches. 

14. What are the weights of mortars ? 

13-in., 11,500 lbs.; 10-in. sea-coast, 5,775 lbs.; 
10-in. siege, 1,852 lbs.; 8-in., 930 lbs.; stone mor- 
tar, 1,500 lbs.; coehorn, 164 lbs.; eprouvette, 
220 lbs. 

15. What are the weights of the different mortar 
beds f 

8-in. siege, 920 lbs.; 10-in. siege, 1,830 lbs.; 
ooehom, 132 lbs. ; eprouvette, 280 lbs. 

16. What are the diameters of the bores of the 
stone^ coehorn, and eprouvette mortars ? 

Stone mortar, 16 inches ; coehorn, 5.82 inches ; 
eprouvette, 5.655 inches. 

17. Whxit is the length of the bore, exclusive of 
the chamber, of the different mortars ? 

13-in., 26 inches ; 10-in. sea-coast, 25 inches ; 
10-in. siege, 15 inches ; 8-in., 12 inches ; stone 
mortar, 19.8 inches ; coehorn, 8.82 inches ; eprou- 
vette, 11.5 inches. 

18. What is the length of the chamber of the dif- 
ferent mortars ? 

13-in., 13 inches ; 10-in. sea-coast, 10 inches; 
10-in. siege, 5 inches ; 8-in., 4 inches ; stone mor- 
tar, 6.75 inches; coehorn, 4.25 inches; eprouvette, 
1.35 inches. 
4 
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19. For wluU is the eprouveite used / 

For determining the relative strength of gun- 
powder ? 

20. To what purpose is a stone mortar applied f 
To throw stones a short distance, from 150 to 

250 yards ; and also 6-pr. shells from 50 to 150 
yards. 

21. In what manner are the stones disposed tn 
this mortar f 

They are put into a basket fitted to the bore, 
and placed on a wooden bottom which covers the 
mouth of the chamber. 

22. What use is made of coehom mortars t 
They are fired either from behind intrenchments 

like other mortars, or they may accompany troops 
in effecting lodgments in towns and fortified 
places. 

23. What kind of projectiles are thrown from 
mortars f 

Shells, fire-balls, carcasses, and stones. 

24. How rapidly may siege mortars be fired f 
At the rate of twelve rounds per hour continu- 
ously ; and in case of need with greater rapidity. 
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PART I. SECTION VI. 



SEA^OAST ARTILLERY. 

1. Soto are Ska-Coast pieces mounted ? 

On barbette, casemate, flank-casemate, and co 
lumbiad carriages; and the carriage upon which 
the mortar is mounted— called its bed. These 
carriages do not subserve the purpose of transpor- 
tation; the barbette carriage may, however, be 
used for moving its piece for short distances, as 
-from one front of the work to another. 

2. What number and kind of pieces are required 
for the armaments of forts on the seaboard? 

In our service they are prescribed by the War 
Department, according to the character and ex- 
tent of the work. 

3. What disposition should be made of heavy and 
light pieces in a fortification ? 

Heavy pieces should be employed on the sal- 
ients of the work, or for enfilading channels where 
a long range is required ; light pieces, where the 
range is shorter. 
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PAET L SECTION VH. 



SIEGE ARTILLERY. 

1. How are siege-guns mounted? 

Usually on travelling-carriages, with limbers. 

2. Of what number and kind of pieces is a siege- 
train composed? 

This must altogether depend on circumstances ; 
but the following general principles may be ob- 
served in assigning the proportion of different 
kinds and calibres, and the relative quantity of 
other supplies for a train of 100 pieces : 

i 24-pdr., about one half the whole num- 
GuNS. \ ber, 50 

( 18-pdr. or 12-pdr., one-tenth, . . 10 
Howitzers. 8-in. siege, one fourth, . 25 

Mortars. P2'-°- '•^^' ''"^ *'^^*''' ' ' ^l 
( o-m. siege, .... o 

Stone Mortars, j in addition to the 100 ) 6 
CoEHORN Mortars. ( pieces, ) 6 
Wall Pieces, 40 

carriages. 

For 24-pdr. guns, and 8-in. howitzers, one fifth 

spare, 90 

For 18-pdr. and 12-pdr. guns, ... 12 
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or 10-in. mortars and stone mortars, one sixth 

spare, .21 

or 8-in. mortars, 4 

Tortar-wagons, 1 for each 10-in mortar and 
bed, for each stone mortar and bed, and for 
three 8-in. mortars and beds, . . .38 
Vagons for transporting implements, intrench- 
ing and miner's tools, laboratory tools and 
utensils and other stores, each loaded with 
about 2,700 lbs., say, .... 140 
'arts (carrying balls, &c. on the march), . 50 
^ark haitery-wagonSy fully equipped, . . 28 
ark forges, " ... 8 

ling cartSy large, 5 

I)o. hand, 4 

DRAIJOHT HORSES. 

>r each gun and howitzer, with its carriage, 8 

Spare gun-carriage, • • . 6 

Mortar wagon, .... 8 

Battery wagon, .... 6 

Forge, 6 

Cart, 2 

Sling-cart, large, .... 2 
Spare horses, .... 1-1 0th 

Total, about 1,900 horses. 

PROJECTILES AND AMMUNITION. 

" Round-shot, 800 to each 24-pdr., 1,000 
to each 18 and 12 pdr. 
p J Grape and canisters strapped, 20 
rounds to each piece. 
Spherical-case strapped, 20 rounds to 
each piece. 

4.* 
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( Shells, 800 to each 8-in. howitaer. 
For Howitzers. •< Canisters strapped, 5 to each. 

( Spher. case strapped, 20 to ead. 
( 600 shells to each 10-inch. 
For Mortars. J 800 " " 8-inch. 

(200 " " Coehom. 
Gunpowder, in barrels, 500,000 lbs. 
Computing for each 24-pdr. round shot, one third 

the weight of shot. 
" " 18 and 12 pdr. round shot, one 

fourth the weight of shot 
" " grape, canister, and spherical- 

case, one sixth the weight <tf 
sliot. 
" " round of howitzer^ 

am'nition, 5 lbs. 
" " round 10-in. mortar 

am'nition, 7 lbs, 
" " round 8-in. mortar 

am'nition, 3 lbs. ^ 
" " round Coehom mortar ammu- 

nition, ^ lb. 
" " round stone mortar ammimi- 

tion, 1 lb. 

3. What is the best position for guns in order to 
make a breach ? 

On the glacis, within 15 or 16 feet of its crest; 
but if the foot of the revetment cannot be seen 
from thence, the guns must be placed in the cov- 
ered way, within 15 feet of the counterscarp. 

4. In what manner should the fire of siege-guns 
be conducted in order to form a breach ? 

1st. Make a horizontal seclioii \k^ I^tl^Ix of the 



including 
charge dF 
shell. 
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desired breach along the scarp, at one third its 
height from the bottom of the ditch, and to a depth 
equal to the thickness of the wall. 

2d. Make vertical cuts through the wall, not 
fiuther than ten yards apart, and not exceeding one 
to each piece of ordnance, beginning at the hori- 
zontal section and ascending gradually to the top 
of the wall. 

3d. Fire at the most prominent parts of the ma- 
sonry lefb standing ; beginning always at the bot- 
tom and gradually approaching the top. 

4th. Fire into the broken mass with howitzers 
until the breach is practicable. 

5. How hng would it take to make a breach of 20 
yards in length f 

Breaches of more than 20 yards in length have 
been opened by way of experiment, and rendered 
practicable in less than ten hours, by about two 
hundred and thirty 24-pdr. balls and forty shells 
in one case, and by three hundred 18-pdr. balls and 
forty shells in another. 

6. How many discharges can an iron gun sus- 
tain f 

An iron gun should sustain twelve hundred dis- 
charges, at the rate of twelve an hour ; but what- 
ever may be the rate of fire, it is deemed unsafe 
after that number of discharges. As many as 
twenty an hour have been made for sixteen con- 
secutive hours. 
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PAET I. SECTION Vm. 



'ON FIELD-GUNS AND BATTERIES. 

1 . What proportion of artillery should be aUoiied 
to an army in the field? 

The proportion of artillery to other troops Ta- 
ries generally between the limits of one and three 
pieces to 1,000 men, according to the strength of 
the army, the character of the troops composing 
it, the strength and character of the enemy, the 
nature of the country which is to be the theatre of 
the war, and the character and objects of the war. 
2. What regulates the selection of the kinds of 
artillery and the proportion of the different kinds in 
the train? 

Similar considerations to those specified in the 
foregoing answer. The following principles may 
be observed in ordinary cases : 

1,000 men. \ ^ ^^^.^^^ ^,^,.^, 1 1 « 24^m.prs. 

3. What is a field-battery ? 

A certain number of pieces of artillery so equip- 
ped as to be available for attack or defense, and 
capable of accompanying cavalry or infantry in all 
their movements in the field. 

4. How many pieces are allotted to a fieldrbatteryt 
Four guns and two howitzers. 
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5. Are all Jleld-batteries alike ? 

No ; field-batteries accompanying infantry are 
composed of the heavier, and those accompanying 
cavalry of the lighter pieces, the first manned by 
foot-artillery, and the latter by horse-artillery. 

6. In what respect does a battery of horse-artillery 
differ from one of foot-artillery ? 

The main difference consists in the cannoneers 
in a battery of horse-artillery being mounted ; in 
rapid evolutions of foot-artillery they are conveyed 
on the carriages. 

7. What is the composition of a field-hattery on 
the war establishment / 

KIND OF BATTXBT. 12-PR. 6-PR. 

^___ j 12-pdrs., mounted 4 

'^^ I e-pdrs., " 4 

cT^«^.^.a i 24-pdrs., mounted.... 2 
^^^^™^ I 12.pdr8., " .... 2 



c---)ForC;;;;::::::::: 4_2 

Travkukg Fobges 1 1 

Battkbt Wagon 1 1 



6 6 
12 6 



Whole Ko. of carriages with a battery, 20 14 

(Shot 660 660 

For 4 gems, i Spber. case 224 80 

(Canisters 112 160 



(Shells 168 120 

"j For 2 howitzers, i Spher. case, 112 160 

(Canisters.. 42 82 



896 800 



822 812 



Total No. rounds with a battery, 1218 1112 
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KIND OF BATTERY. 12-PB. 6-PR. ' 

T\ rr «-« ^ 6 to each carriage, 120 84 

^^^^^^^^'^^ i spare horses, M2, 10 *I 

Total 180 91 

Note. — ^For two 32-pdr. howitzer car- J Shells HI 

riages and four caissons, the number of >• Spher. case.. 84 
rounds of ammunition is, ) Canisters ... 14 

Total 210 

8. WTiat is the composition of a battery of motair 
tain howitzers? 

Howitzers, 6 

Gun-carriages, 7 

Ammunition-chests, . . . , 36 

(48 rounds for each howitzer) 

Forge and tools, in 2 chests, . . • 1 

Set of carriage-makers' tools in 2 chests, . 1 

Pack saddles and harness, • . . 33 

Horses or mules, 38 

9. What composes the Field-Park 1 

The spare carriages, reserved supplies of ammiF 
nition, tools, and materials for extensive repairs, 
and for making up ammunition, for the service d 
an army in the field from the Field-Park, to whidi 
should be attached also the batteries of reserve. 

10. Whxit determines the quantity of stick sup- 
plies ? 

The quantities of such supplies must* depend in 
a great measure on the particular circumstances of 
the campaign. 

1 1 . How is the ammunition which cannot he trani- 
ported hy the batteries carried? 

With the park ; in caissons, or in store-wagons. 
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. Do any other carriages and stores form part 

e Field-Park ? 

8; spare gun-carriageSyOneto each field-battery, 

eling Forges. ) i» i. 

fjr r one or more of each, 

fry- Wagons, ) 

e spokes, 60 to each battery, ^ 

e fellies, 20 to each battery, l . . 

e harness, ) i^^' >m store wagons. 

echoes and nails, ) boxes. J 

)owder, saltpetre, sulphur, charcoal, labora- 

paper, cannon-primers (percussion and fric- 

, fiizes and plugs for field-service, stuff for car- 

B bags, woollen yam, cotton yarn, glue. 

. Are any other pieces ever used for field ser- 

s : sometimes the 12 and 18-pdr. siege guns, 
he 8-in. siege howitzer. 

For what particular service are these different 

most suitable? 

B siege pieces for batteries of position ; the 
r. battery, for following the movements of in- 
r, and the 6-pdr. battery for those of cavalry. 

c. — ^These siege pieces should be placed on the weakest 
of a line, and on heights which either form a key to 
sition, or from whence the greatest and longest con- 
effect may be produced. 

What are the peculiar advantages of Horse 
'eryf 

isessing, from their lighter construction and 
ted detachments, much greater locomotive 
:« than other field batteries, they are especi- 
dapted for following the rapid evolutions of 
y, for sudden attacks upon particular points, 
or supporting the advance or covering the 
.t of an army. 
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16. How is afield gun mounted f 

Upon a four-wheel carriage, which answers for 
i<ts transportation as well as for its seryice, similar 
to a siege carriage, but lighter, and the limber 
carrying an ammunition chest. 

17. Where should a battery he placed before th 
commencement of an action ? 

As much as possible under cover, by taking ad- 
vantage of banks, hollow-ways, buildings, woods, &c 

18. Is it -advisahle to move a battery at once tiilo 
position in the field f 

No ; but if unavoidable, it should be masked as 
much as possible until ordered to open its fire. 

19. How should a battery be masked? 

If practicable, by covering it with cavalry, i! 
preference to infantry, as the former does it mow 
effectually, and is sooner moved out of the way. 

20. In commencing an action^ how should the fir 
of a battery be directed? 

When the enemy is in line, the fire should h 
directed over the whole line, and not upon the rea 
points of attack ; but when in column, ready U 
advance, it should be concentrated upon the rea 
points of attack. 

21. How should batteries be placed in relation A 
the troops with which they are acting f 

Upon the flanks of a line, but at such a distance 
as not to impede its movements, and at the sam( 
time to be unfettered in their own ; the artiller} 
may thus represent the faces of a bastion, and tht 
line of troops the curtain. . 

22. Is the front of a line of troops an advantage 
ous position for a field battery ? 

On the contraTj, it ia tYie n?ot«\, ^^KVAft^v 
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offering a double object to the enemy's fire, and 
greatly obstructing the movements of the troops ; 
while a position in rear is nearly as bad, as the 
fire might seriously injure, or at least, greatly dis- 
quiet them. 

23. In supporting an attack, what precautions 
wte necessary / 

The battery should be carefully kept clear of 
the intended line of march of our own troops, and 
ndi points occupied as may afford the greatest 
umoyance to the enemy. 

24. How should batteries be disposed with regard 
to the enemy* s troops ? 

Grenerally so as to secure a cross fire on his 
position, and on all the ground over which he 
moves to the attack, endeavoring to take him at 
fiSL times in the direction of his greatest dimen- 
sions ; that is, obliquely or in flank when in line, 
and in front when formed in columns. Moderate 
heights, commanding as much as possible the 
surrounding country, should always be taken ad- 
vantage of, but not such as may prevent opera- 
tions in advance if required. 

25. Is it imperatively necessary to confine posi- 
tions for field batteries to the fixmks of a line ? 

When, from particular circumstances, the front 
of the army is too extended, and unavoidably di- 
vided into two lines, it may become necessary to 
place one or more batteries in the centre, if those 
on the flanks are unable to sweep the whole front; 
but great care must be taken not to impede the 
advance or retreat of the troops when required. 

26. Should the fire of field batteries he earned ou 
Hi the same uniform rate t 

6 
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Certainly not ; the destruction of die enen 
ing the object, it follows that at distant ran 
greater degree of care is required in pointi 
guns ; the fire is slow and steady, and incr 
in rapidity as the enemy advances, withoat 
ever, impairing its precision. 

27. Should the fire of field batteries he eon 
in salvoes or otherwise / 

Never in salvoes; but in a regular m 
well sustained, and with distinct intervals be 
every round, commencing slowly, and incr 
in rapidity as the range diminishes. 

28. Is the fire of batteries more efficadons 
dispersed than when concentrated^ 

The effects of the fire will be in proport 
the number of guns brought together, and 
fore, in order to strike a decisive blow, this i 
at once be done. 

29. What projectiles are used with field gu\ 
Solid shot, spherical case, and canister. 

30. At what distance from the enemy shot 
several kinds of projectiles be employed toiti 
battery pieces ? 

Solid shot fi'om 350 yards and upwards ; s 
cal case from 600 up to 1000 yards, altho 
may be used within the first range ; and ca 
within 350 yards, or up to 400 against ext 
formations. 

31. What number of rounds can be fired f 
field gun in one minute f 

Two solid shot or spherical case, or three c 
ister. 

32. Why are more rounds of canister fire 
mmuie ihan of solid shot or spKcrical ccwe I 
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Because the latter are fired at greater distances 
ban canister, and require the piece to be care- 
bllj aimed, thus requiring more time. 

9^. What is the smallest number of guns that 
My with safety be employed in the face of an 
nemyf 

Never less than two, in order to secure a con- 
inuous fire and mutual support. 

34. Is the practice of employing field batteries 
Ufoinst those of the enemy recommended ? 

Only under peculiar circumstances ; as for in- 
stance, when his troops are well covered and his 
pins exposed, or their fire very destructive. 

Their fire should be directed principally against 
eolmnns of attack, and masses, or upon positions 
whidi are intended to be carried. 

35. In what time could a battery come into action 
in the field i 

It could come into action and fire one round in 
25 seconds, timing from the order " action front," 
to the discharge of one piece. 

36. Suppose cavalry to be advancing to attack 
Infantry y and first observed at the distance of a mile, 
Classing over the first half mile at a trot'; the next 
quarter of a mile at the manoeuvring gallop ; and 
SJU remaining distance at an increased gallop, ter- 
mnaUng with the charge ; occupying altogether 
tbotU six minutes : during the Uist 1500 yards of 
'heir advance how m/my rounds per piece might a 
kUteryfire in that tim£? 

Eleven rounds with effect, thus : 

Trcnn 1500 to 660 yards 8' 82" — spherical case. . . .7 

" 650 to 850 0' 48"— «oM ^\wi\» .'t 

" 850 to eloee qmrtem, . .0' 84" — casos^t ^"^ 
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37. What number of rounds could a battery Jin 
against infantry , supposing them to pass over 1500 
yards in about 16^ minutes f 

Thirty-six rounds with effect, vLzf: 

From 1600 to 660. .quick step. .9' 46" — spher. case. ..19 
" 660 to 860 " 8'60"— Bolid8hot.....7 

" 860 to 100 " 2' 80"=— canister. 8 

" 100 to close j double quick )«, 40"— can. 2 
quarters. ( and the charge. ) 

38. Should the enemy attempt to force the passage 
of a river, what is the best position for artillery to 
oppose it? 

Wherever the best cross fire can be obtained in 
order to obstruct and harass him as much as pos- 
sible, and if he has succeeded in passing over any 
portion of his troops, it should be directed against 
their formation. 

39. When the enemy is mxiking the passage of a 
river in retreat, where should your guns be posted? 

In such a position as to bear upon the batteries 
that cover the retreat, and also upon his bridges. 

40. In forcing the passage of a river what is the 
most advantageous position for artillery ? 

The bridge being generally laid in a re-entering 
angle, batteries should be posted on each side oi 
the bridge, and far enough from it to secure fl 
cross-fire on the opposite bank. 

41. Should the indiscriminate expenditure of am' 
munition be permitted in the field during action ? 

Upon no account ; ammunition should at all times 
be carefully husbanded, particularly at the com- 
mencement of an action, as the want of it at the 
close may decide the fate of the day ; it should 
also be sparingly used in skVnxi\!^<^ «sA Tc&sfs' 
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affairs, especially when at a distance from supplies, 
or in anticipation of a general action. 

42. When should the reserve be employed ? 

When a particular point of the line requires ad- 
ditional support, a favorable position is to be 
seized, an impression has been made on the line 
by the enemy, a forward or retrograde move- 
ment is in contemplation, or when a determined 
attack is to be made on him, then the reserve 
should come up and take part in the action; and it 
is of the utmost importance that this should be 
done as expeditiously as circumstances will permit. 

43. Where should the reserve be placed previous 
to an engagement f 

In rear with the second line, out of the range of 
shot, and as little exposed as circumstances will 
admit, but always in such a position as to have 
ready access to the front or rear. 

44. Should guns be lightly abandoned before an 
enemy f 

Never until the vbry last bxtremity. An ar- 
tillery-man must never forget that his gun is his 
proper arm ; that here lies his strength ; that here 
is his post of honor and of duty ; also, that the 
LAST DISCHARGES are always the most destructive, 
and HAT POSSIBLY insure the safety of the 

WHOLE ARMY, OT TURN THE TIDE OF VICTORY IN 
THEIR FAVOR. 

45. What is the position for cavalry when placed 
in support of a battery ? • 

On its flank, about the distance of 100 yards, 
and as much concealed as possible. 

46. What is the proper position of jicld baltexxe^ 
»A^n infantry squares are attacked by cavdlr'y ? 

5* 
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When infiintry are formed in squares tc 
the charge of cavalry, the guns should be 
outside at the angles of the squares, the 11 
horses, &c., inside. Should the detachme 
driven firom their guns, thej will retire ii 
square, after discharging their pieces, and 
with them the sponges and other equipment 
moment the enemy has retired, they : 
mence their fire. Supposing the infantry i 
in echelon of regimental squares, and th 
time, or small extent of the squares would i 
mit of tibe limbers, ^c, being placed insid 
the wagons and limbers should be brou( 
with their broadsides to the front, so as to c 
if possible, the space between the guns, lea\ 
intervals for the cavalry to cut through : t] 
longe or drag ropes might also offer an ef 
momentary impediment to them, if pr 
stretched and secured. 
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PAET n. SECTION I. 



POINTING GUNS AND HOWITZERS. 

1 . What is meant by the term pointing a piece ? 
To point a piece, is to give it such a direction 

and eleyation, or depression, that the shot may 
strike the object ; and the rule (except in case of 
mortars) is : First give the direction and then the 
elevaiiion^ or depression. 

2. When a shot is fired from a piece, by how 
many forces is it acted onf 

By tiiree. — Ist. The impulsive force of the pow- 
der, which urges it forward. 

2d. The resistance of the air, which tends to 
stop it. 

3d. The force of gravity which causes it to 
descend. 

3. Why is it necessary to give a certain degree of 
elevation to a piece ? 

Because a shot describes under the action of the 
above forces a curve called a trajectory, which is 
situated below the prolongation of the axis of the 
piece, the extent of its departure from this line 
increasing with the time of flight. Therefore, the 
more distant the object, the greater must be the 
elevation to enable the shot to reach it. 

4. How is the direction given to a gun or KcywUzex \ 
By directing the line of metal upon \)ckfc oW^^^X*. 



52 HAND-BOOK OF ASTELLESY. 

5. How is the elevation or depression given ? 
The elevation or depression, which depends u 

on the charge, the distance, and the position oft 
object above or below the battery, must be asc( 
tained from tables or bj experiment, and t 
proper degree given by means of instruments. 

6. WTien will the object be struck by merely • 
reeling the line of metal upon it ? 

But in one case, — ^when it is at point-blank d 
tance. 

7. How must the line of metal be directed for 
ranges less than the point-hlank range^ in order 
strike it ? 

So as to pass below the object. 

8. Give a simple rule for firing at objects witi 
point blank. 

Add to the point-blank range the diflerei 
between it and the required range, set the sc 
to the elevation corresponding to this sum, 
shown by tables of firing. Then aim the gun 
rectly at the object ; now apply the scale, and < 
serve where the visual ray of the scale strikes 1 
ground, and having noted this point, aim the g 
directly at it. 

9. How must the line of metal be directed j 
ranges greater than the point-blank range, in on 
to strike it ? 

Above it. 

10. When the line of metal passes over the obji 
what instruments must be employed for giving . 
proper elevation f 

The gunner's quadrant, or the breech-sight. 

11. How is the quadrant used? 

After the direction has been given, the quadri 
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is applied, either by its longer branch to the face 
of flie piece, or this branch is run into the bore 
parallel with the axis, or it may be applied to the 
i^per sur&ce of the lock-piece, making the allow- 
anoe due to its inclination with the axis of the piece, 
which ought to be previously determined^ and the 
elevating screw turned, or the quoin adjusted, un- 
til the required degree is indicated. 

12. Sow is the breech-sight used ? 

It is first set to the elevation corresponding to the 
distance ; it is then applied to the highest point of 
metal on the base-ring, and by the elevating screw, 
or quoin, the notch of the breech-sight, the highest 
point on the swell of the muzzle, and the object, 
are brought in the same line. 

13. What is a line thus determined called? 
An artificial line of sight. 

14. In the absence of instruments, how may the 
devotion he given ? 

By placing one or more fingers of the left hand 
npon the base-ring, perpendicular to the axis, and 
using them as a breech-sight. 

Nora — ^In practice, it is well to fire two or three shot to 
determine the range experimentally, as t< is affected by 
dirers causes. 

15. Should the line of metal he always directed 
in the vertical plane passing through the object? 

No ; as in practice there are circumstances (as, 
for instance, a strong wind blowing across the field 
of fire) which will cause a ball to deviate from 
this plane, it follows that to strike the object, in 
such a case, the line of metal must be directed to 
its right or left ; the gunner judging of the dis- 
tance hjr observing the striking of tk^ ^o\>« 
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16. li the Une of metal a permanent line unda 
all cireumstancee f 

No ; in batteries for garrison and searcoast de 
fense, where the platforms are fixed, the line o 
metal may be considered as nearly permanent: 
but witl| siege guns, which are mounted on travel 
ing carriages, the wheels of which are liable to Tar]? 
in position £rom unevenness of ground, or unequal 
settling in newly constructed platforms, this line is 
constantly changing. It approximates the highei 
wheel in proportion to the difference of level be 
tween the wheels ; and hence, to secure the greatest 
accuracy of fire, it must be firequently verified; 
the old marks, if not found correct, should be 
erased and new ones substituted. 

17. When the notches or sights j which are sonU' 
times m^ade upon the base-ring and swell of the 
muzzle in field guns^ for aiming the piece a/re used, 
how is the error of direction remedied when tht 
wheels are not on the same level ? 

' The piece must be aimed more or less to thai 
side which corresponds to the higher wheel, ac- 
cording to the inclination. 

18. When the elevation or depression ha^ onci 
been ascertained for any given distance^ how muythi 
firing at that distance be facilitated P 

By noting some point on the elevating screw oi 
quoin ; adjusting some fixed measurement from a 
point on the stock to another point on the undei 
side of the breech ; or by a chalk mark drawn 
across the face of a trunnion and its corresponding 
cheek. 

19. When firing either within or beyond point 
3^u^ ran^e, may rem^arkahh points on the gr^yvMwc! 
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be taken advantage o/", in order to furnish an object 

to aim at ? 

Yes ; some fixed object may often present itself 
which will serve as a point upon which to direct 
the line of metal. No means should be neglected 
that may tend to secure accuracy of aim ; for the 
shot that is thrown away by carelessness in point- 
ing, had better not be tlu*own at all. 

20. How may precision of fire he secured at 
night f 

When a fixed object is to be fired at by night, 
the piece should be directed during the day, and 
two narrow and well-dressed strips of wood laid on 
the inside of the wheels, and two others outside of 
the trail of a siege carriage, and nailed or screwed 
to the platform. In case of a barbette carriage, 
the traverse wheels should be chocked in the pro- 
per position. To preserve the elevation, mea- 
sure the height of the elevating screw above its 
box, or take the measure between a point on the 
gun, and another on the stock ; cut a stick to this 
length and adjust the gun on it at each fire. 

21. Should night firing with ounb be limited f 
Yes; it should be limited to a small number 

of rounds, as it consumes ammunition to little 
advantage. 
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PAET n. SECTION n. 



POINTING MORTARS. 

1 . What is the rule for pointing mortars f 
First give the elevation, and then the directi( 

2. How is the elevation given ? 

By applying the quadrant to the face of 
piece, and adjusting the quoin until the requi 
number of degrees is indicated. 

8. Are the same means emplot/ed for giving n 
tars their direction as those which are used t 
guns and howitzers ? 

No ; because mortars are usually masked fi 
the object to be struck, by an epaulment or p. 
pet. 

4. To what are all the methods employed for 
ing the direction to mortars reduced f 

To determining practically two fixed poi 
which shall be in line with the piece and the obj 
and sufficiently near to be readily distinguis 
by the eye. These points being covered by 
plummet, determine a vertical plane, which, w 
including the line of metal, becomes the plan 
fire. 

6. What is the simplest manner of directing 
mortar ? 

By means oi pointing-wires. 

6. Describe this method, 

2jbe two Sxed points required axe d^\«tTDASiR 
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planting two wires upon the epaulment, one upon 
its crest, and the other about a yard in advance of 
it, both as nearly as possible in the vertical plane 
passing through the centre of the platform and the 
object. The points being thus established, the di- 
rection is given to the mortar, by causing a plum- 
met held in rear of it, to cover the wires and the 
line of metal. 

7. In what respects is this method defective f 
Both in accuracy of aim, and the liability of the 

wires being deranged by the shots of the enemy or 
by other causes. 

8. Cfive a better method. 

By means of pointing-stakes, by which one of the 
fixed points is established upon the crest of the para- 
pet, or at the foot of the interior slope, and another 
in rear of the piece. Then by a cord called the 
pointing-cord, stretched between these two points, 
with the plummet suspended from it, a vertical 
plane is determined with which the line of metal 
is made to coincide. 

9. How are the stakes planted f 

A stake, a foot or more in length, is driven into 
the crest of the epaulment, as nearly as practicable 
in the vertical plane of fire passing through the 
centre of the platform ; sighting by this stake, an- 
other long one is planted, three or four feet in 
fi*ont of it, in line with the object. To this stake 
the cord is temporarily attached, and stretched by 
the first stake, just grazing it, to a point on the 
ground, one yard in rear of theplatform. At this 
point a third stake is driven. The cord is removed 
from the second stake, which may no^ \i^ \»i«jBCL 

awajr, and permanently attached to XXv'fe fe^\»* 
6 
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10. How is the mortar directed? 

The cord is stretched to the rear stake, an 
near the muzzle band as possible, with the 
hand, while the plummet is suspended againi 
with the right ; or the plummet may be atta< 
to the cord, just in rear of the mortar. 

11. How does it appear that the mortar is 
PROPERLY directed? 

Because the cord, the plummet, and the lii 
metal, are evidently in the vertical plane of & 

12. What is done in case the shell should si 
constantly to the right or left of the object f 

The pointing cord is shifted to some note) 
the pointing boardy to the right or left, until 
shell falls at the desired point. 

13. Describe the pointing board. 

This is a piece of wood one foot long, tw 
three inches wide, and one inch thick, navii 
notch cut in the middle of one side, to fit on 
stake and which is graduated into equal divis 
from its middle. When not in use, the poii 
cord may be wound on it. 

14. Describe another mode of planting the p< 

ING-STAKBS. 

The mortar being placed upon the middle oj 
platform, the gunner mounts upon it, and susp< 
the plummet in front of the muzzle, covering 
object. Where the plummet thus suspended 
the crest of the epaulment, the first stake is dri 
A second stake is then driven in the same line 
tween the mortar and the epaulment. The p 
ing cord being attached to the first stake 
stretched to the rear, over the point where 
plummet touches the top of tk^ Taox^ajc^ di 
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mines the point on the ground at which the rear 
stake is driven. The first stake is then removed, 
and the cord attached permanently to the second 
stake. 

When the object cannot be seen from the mortar, 
owing to the interposition of some obstacle, as 
a parapet or a hill, two persons in sight of each 
other, one of whom can see the mortar, and the 
other the object, must by successive changes of 
position, place themselves in the vertical plane of 
fire, and at the points thus determined, stakes must 
be driven, one of which will serve as the object. 

15. Hoio mayprecmon of fire be secured at night 
with mortars f 

The direction is preserved by nailing or screw- 
ing two boards to the platform outside of the 
cheeks ; the elevation is marked on the quoin, or 
the quoin may be nailed in the proper position. 
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PART in. 



CHARGES. 

1 . What is the charge of a piece of artillery ! 
The powder with which it is loaded. 

2. What is the ordinary service charge of powder 
for heavy puns f 

One-fourth the weight of the shot. 

3. What is it for firing doublib shot % 
One-sixth the weight of one shot. 

4. What is the breaching charge / 
One-third the weight of the shot. 

5. What kind of charges are used in hot shot fir- 
ing / 

Small charges from one-fourth to one-sixth the 
weight of the ball. 

6. For what reason ? 

Because balls fired with small velocities split the 
wood in a manner which is favorable to its burn- 
ing ; with a great velocity the hole closes, the ball 
sinks deep, and, deprived of air, chars without 
setting fire to the surrounding wood. 

7. To what depth should hot shot penetrate ? 
Not deeper than ten or twelve inches. 

8. In ricochet firing, what kind of charges an 
used ? 

Light charges generally; varying from two-thirdi 
to one-eighth of the ordinary charge. 

9. In what manner are the charges of mortan 



OHABGES. 61 

The chaises vary with the elevation ; or if the 
elevation be fixed at any particular angle, they 
must be determined by the range. 

10. What are the charges for field guns and 
field howitzers f 

See Table, page 62. 

11. What are the charges for heavy guns, colum- 
biads, and howitzers f 

See Table, page 62. 

12. What are the greatest charges of the sear 
coasty siege, and coehom mortars P 

See Table, page 62. 

13. What charge is used for projecting fire balls 
from mortars f 

One twenty-fifth the weight of the ball. 

6* 
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PAET lY. 



RANGES. 

1. What is meant by the range of a piece of ar- 
tillery P 

Hie distance from the muzzle to the first graze. 

2. JSbw may the range of a projectile be extended? 
Either by raising the piece to a higher level, or 

by giving its axis greater elevation within certain 
limits. 

3. Define poikt-blank bangs. 

The distance from the muzzle of the piece to 
that point in a shot's trajectory where it cuts the 
prolongation of the natural line of sight, a second 
time. 

4. In what does the French definition for point- 
blank range differ from ours ? 

It requires that the natural line of sight should 
be horizontal. 

6. What is the British definition for point-blank 
range f 

The distance from the muzzle to the first graze 
when the axis of the piece is parallel to the plane 
upon which the carriage stands. 

6. Explain by a figure^ the position of and rela- 
tions existing between the line of si^Kt^ tfie liue of 
fire or axis of thepiece^ and the trajectory, aud a\&o 
ta/ia/ iAe point-blank range is. 



64 HAND-BOOK OF ABTILLEBY. 



I^J[ 




ABcFy the line passing through the highest 
points of the base ring and swell of the muzaue, or 
the muzzle band, is called, the naturcd line of iighL 
EPc G, is the axis of the piece or line of fire; 
the curved line, PffD, described by the projeclale, 
is called the trajectory, and is entirely below the 
line of fire, in consequence of the action of the 
force of gravity giving the projectile a downward 
tendency. The point D is called the point bkmk, 
and its distance from the mouth of the piece, the 
point-blank range, 

7. Mention some of the causes which vary tkt 
point-blank range f 

The form of the cannon ; the weight or force 
of the charge ; the diameter and weight of the pro- 
jectile ; and the inclination of the line of sight to 
the horizon. 

8. Why has the form of the cannon an influence 
on the point-blank range f 

Because as the difference between the diameter 
of the breech and muzzle become greater, the angle 
of sight, BcF= GcF{8ee fig.) increases, and the point 
blank D is removed farther off; on the contrary, 
as the diameters approach to an equality, the point 
blank approaches the piece. Within a certain 
angle, or when there is no angle of sight, as is the 
case with some old howitzers va^\ictfi\i^'ei\a!kft^^ 
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ight is parallel to the axis of the bore, there will 
>e no point blank, as the trajectory Mdll be con- 
tantly below the line of sight. 

9. What influence hoe the charge on the point' 
\lank range f 

An increase of the charge determines a more 
iistant point blank; its diminution produces a 
contrary effect ; but beyond a charge equal to one- 
hird the weight of the ball, the increase of range 
s inconsiderable, and the force of the recoil be- 
comes very great. 

10. How do the diameter and weight of the pro- 
ectile affect the range ? 

As the ball increases in size and density, it will 
overcome with more ease the resistance of the air. 

11. Does the inclination of the line of sight to 
'he horizon have much effect on the point-blank 
*ange? 

Only when this inclination is very considerable. 
?or the ordinary inclination, from 0° to 15°, above 
)r below the horizon, the difference may be wholly 
leglectcd. 

12. What is the effect on the point-blank range 
f firing upwards under a large angle ? 

The action of the weight being nearly directly 
)pposed to the impulsive force, the trajectory be- 
K>mes compressed and the point-blank distance di- 
ninishes. The contrary effect obtains in firing 
lownwards under a similar angle, as the weight 
md the force then act in nearly the same direction. 

18. Why may the point blank be considered con- 
\tantfor the same calibre f 

The dimensions, charges, and 'weig)ala ol \>t^^^^ 
ilea, being constant, and the incVvnatiou o^ XJtkfe ^aaJ^- 
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ural line of sight, except in a very few cases^ 
being comprised between 0° and 15°, it followi 
that for the same calibre, the point blank may be 
considered constant, and may serve as a point of 
reference in firing at different distances. 

14. What is the extreme range of a piece of of' 
iillery f 

The distance from the piece to where the pio» 
jectile finally rests. 

15. For a given velocity what effect hoe an VBr 
crease of the angle of fire on the range ? 

It increases with the angle of fire up to a oe^ 
tain limit, beyond which it diminishes. 

1 6. What angle gives the greatest range in vacuo! 
Forty-five degrees. 

17. When will this angle give the maximum 
range in practice f 

Only for feeble charges, and very heavy projec- 
tiles. 

18. How is the angle of greatest range in proG- 
tice affected hy a change in the velocity and size of 
the projectile ? 

It seems to diminish as the velocity is increased, 
and as the ball is reduced. For the musket the 
angle of maximum range varies from 28° to 30° ; 
and is nearly 42° for mortars. 

19. Under what angle is a mortar usually firedf 
Under the constant aiigle of 45°, and the charge 

is varied according to the range required. 

20. What are the advantages of diis practice f 
Economy of ammimition ; the recoU being in- 
considerable, the mortar and its bed receive but 
little strain ; the ranges are more uniform, and the 
effect of a slight error in the iingle of fire is lesa 
tliaa with any other. 
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21. Is the mortar ever fired at any other angle 

Yes; sometimes at 60°. 

22. When, is the mortar fired under an angle of 

When the battery is situated very near the ob- 
ject assailed, and it is desired that the shells may 
&11 upon the magazines of the besieged. It is evi- 
dent that projectiles the higher they are thrown up 
acquire more velocity in falling, besides striking 
the object more directly and with increased vio- 
lence. 

23. Under what angle are stone-mortars usually 
■fired? 

Under an angle of 60°, and sometimes of 75°, 
that in falling from a great height, the stones may 
have the maximum force of percussion. 

24. Under what angle should grenades be thrown 
fr(m stone mortars f 

About 33°; otherwise they will be buried in 
the earth, and their fragments will not be sufficiently 
destructive. 

25. When a gun or howitzer is aimed with the 
line of metal horizontal, what is the elevation equal 
to? 

The natural angle of sight or dispart. 

26. JSow is the tim£ of flight for siege mortars at 
m elevation of 45° determined f 

It is nearly equal to the square root of the 
range in feet divided by four. 
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NOES or HiAvr Artillkrv — Conlinued. 
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PAET V. 



EICOCHET. 

1 . WTiat is understood by ricochet firino ? 
That obtained by firing a piece at very small 

angles of elevation, by which means the projectile 
which falls on ground of ordinary firmness at an 
angle not greater than 10°^ or upon water at 4° or 
5^, will make one or more bounds. In this case 
the projectile is said to ricochet. 

2. What is the object of ricochet firing ? 

To enfilade a face of the enemy's work, which is 
effected by causing a projectile to bound along the 
terreplein of the face with the view of annoying 
his cannoneers, and dismounting his pieces. It is 
employed also in harassing an enemy, when 
formed or in the act of forming behind a rising 
ground or other obstacle, taking post in a wood, 
die. ; and in enfilading a line of troops. 

3. What are the peculiar advantages of this fire f 
In being able to reach objects which cannot be 

reached by direct fire, on account of interve^ing 
obstacles. 

4. In enfilading a face of an ensmy^s work, 
fffhcU is the object to be fired at f 

Usually some point of the interior crest of the 
parapet which covers a flank of the terreplein to 
be reached. 

5. What is the point oy fA-LL \ 

The point of the terreplein w\i\ck \a ^t^\» ^\xsv^ 

r* 
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by the projectile, after having grazed the is 
crest. 

6. What is the XB91M or vallI 

It is the angle made at the point of &I1 1 
tangent to the trajectory with a horizontal ] 
the plane of fire. 

7. JBaw does the angle of faU ecmipare mi 

o/ELBYAnON? 

It isgreater. 

8. C^K>n what do Iks charge and elsvaii 
pendf 

Upon the distance of the object firom the btt 
upon the difierenoe of level between these p 
the distance of the deiEdxed point of fidl m 
parapet; the heij^t of the parapet^ dM. 

9. ff Iks smjSraswre he syeh thai tt# o^ 
masked^ how is the piece poiiUed f 

The direetum must be given, as with the fn 
by the plummet; this is held by the peraoa 
points, in such a manner as to cover bolli th 
of metal and the object. The ekvmtkm ia 
given by the quadrant. 

10. What ts the mammmn angle of ehmU 
ricochet firing f 

Against troops it should seldom eiceed 8^ i 
the surfiice of the ground occupied by 
Against fortresses, forts, and fortified lines, 
ries from 8^ to 9^ above the horizontaL 

11. At fohat distance from the o^ect shou 
ricochet beUtery be placed f 

Never at a greater distance than 600 yard 

12. In enfilading a toork, how should the 
ehetfiring be conducted f 

22^ /uicyeotile should be ms&^ \x> ^ctoft \^^ 
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pet while in the descending branch of the trajec- 
tory ; and this must be effected by regulating the 
charges and elevating or depressing the piece until 
the shot is seen to fall just over the interior crest 
of the parapet. Light charges are generally used, 
varying from tufo-tkirds to one^ighth of the ordi- 
nary charge. 

13. What pieces are best adapted for ricochet 
fire? 

Those which throw heavy shells, for, if used to 
enfilade a work, the shells lodge and explode in 
the traverses, and render the guns more liable to 
be dismounted^ and their detachments put hors de 
eomhai, 

14. What determines the nature of the richocet? 
The angle of fall : it is flattened when this angle 

does not exceed 6°, and curvated when it is be- 
tween 10° and 12°. In the first of these fires, the 
velocities are great, and in the second small. 

15. Whai are the charges for a flattened rico- 
chet /or siege guns at an angle of about 3° % 

See Table, page 76. 

16. What are the charges for a flattened ri- 
cochet for siege howitzers at an angle of about 
3°1 

See Table, page 76. 

17. What are the charges for a curvated rico- 
chet yor a siege howitzer at an angle of about 10° ? 

See Table, page 76. 



76 



HAND-BOOK OF ABTILLEBT. 



Charobs FOB A Flattened Bioochbt for 

SlEOB-GuKS. 
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PAET VI. 



RECOIL. 

1. What is meant by the recoil of a piece of ar- 
tillery 1 

The retrograde motion impressed upon cannon 
by the discharge is termed the recoil, 

2. What causes the recoil of a piece f 

The gas produced by the ignition of the charge 
in the bore, expanding with equal force in every 
direction, finds only two ways of escape (the muz- 
zle and vent) ; the pressure upon these points will 
therefore cease, while it will be proportionally in- 
creased upon the parts directly opposite, that is, 
the breech and the lower part of the first rein- 
force, producing in the first case the recoil, and in 
the other, indirectly, the dipping of the muzzle. 

3. How far does a gun visually recoil ? 

This depends entirely upon the nature and in- 
clination of the ground upon which the carriage 
stands, the situation of the trunnions, angle of ele- 
vation, comparative weight of the gun and car- 
riage, and upon the strength of the charge. 

4. What proportion does the velocity of the recoil 
of a piece bear to that of a hallf 

The proportion is inversely as their weights, or 
their masses. 

5. Whai proportion exists between the pressure 
acting upon the part of the bore of a piece directly 
opposite the vent, and that which occasions the re- 
coil f 
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As the square of the diameter of the vent is to 
the square of that of the shot. 

6. Has the recoil any effect upon the flight of ihi 
projectile $ 

No appreciable effect, the shot being expelled 
from the gim before it has recoiled a fraction (rf 
an inch. 

7. What are the principal inconveniences arising 
from the recoil of guns / 

The necessity of running up the gun after every 
discharge, and consequent fatigue to the men and 
loss of time ; it also necessitates that a greater 
breadth should be given to the terreplein of a 
work. 

8. What causes the muzzle of a piece of o/rHUery 
to dip when fired f 

The sudden pressure of the gas acting upon the 
portion of the first reinforce opposite to the vent, 
causes the piece to strike downwards upon the 
elevating screw or quoin, and the reaction to 
make the muzzle dip. 

9. What influence has the position of the eucis of 
the trunnions in respect to that of the bore upon the 
recoil f 

If the axis of the trunnions be below that of 
the piece, the pressure of the breech upon the car- 
riage will increase as the distance between tJie 
axes increases ; and from this pressure there will 
arise a friction upon the ground which will dimin- 
ish the recoil. On the contrary, if the axis of the 
trunnions, be above that of the piece, the breech 
will have an upward tendency, the recoil will be 
increased, but the carriage, and particulariy the 
axletree, wUl be subjected to less strain. Henoe, 



EEOOIL. 79 

the recoil will be transmitted directly to the trun- 
nions, if their axis (as in our service) be situated 
in the same plane with the axis of the piece. The 
size of the trunnions is made proportional to the 
force of the recoil. 

10. Does the position of the trunnions with re- 
ference to the centre of gravity of the piece influence 
the recoil f 

Yes; in cannon fired horizontally, or under very 
small angles, the portion in rear of the trunnions 
is heavier than that in front; an arrangement 
which increases the pressure of the trail on the 
eround so as to diminish the recoil. But in pieces 
fired under large angles, the trvnnions are placed 
in rear of the centre of gravity, lor the purpose of 
increasing the ease of pointing. 
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PAET vn. 



WINDAGE. 

1. What is meant by windagk 1 

The difference between the diameter of the pro- 
jectile and that of the bore. 

2. Is it absolutely necessary to allow windage f 
Yes, in order to make an allowance' for a piece 

becoming foul, the expansion of shot bj heat, tbe 
incrustation of rust, and for the tin straps of fixed 
ammunition. 

3. What advantages are derived from reducing 
the windctgef 

An increase in the accuracy of fire ; a more ex- 
tensive range, or an equal range with a smaller 
charge, as there is less loss of gas ; and less injury 
to the surface of the bore, 

4. Why should the bore suffer less injury by o> 
diminution of the windage f 

Because in proportion to the decrease of windage 
there will be less space for the reflections of the 
shot along the bore, and consequently less injuri- 
ous power exercised upon it. 

5. What is the loss of velocity by a given wind' 
age proportional to? 

It is directly as the windage, and inversely 23 
the diameter of the bore very nearly. 



WINDAGE. 



81 



6. What is the loss of velocity by the windage of 
^hebalU 
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7. What windage is allowed to guns ? 
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8. What windage i* allowed to eolmnbiade a 
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PAET vin. 



GUNPOWDER. 

1. What are the ingredients in gunpowder ? 
Saltpetre, charcoal and sulphur. 
% What are the proportions ? 
In the United States, 75 to 76 saltpetre, 14 to 
15 charcoal, and 10 sulphur. 

Sngland, 76 Saltpetre, 16 Charcoal, 10 Sulphur. 
France V6 " 12^ " 12^ " 

Pms^ V6 " 18i " Hi " 

8. Whai is the combustible ingredient? 
Charcoal. 

4. What is the use of the saltpetre f 

It furnishes the oxygen necessary to support a 
rapid combustion, and^ % change th^e whofe'mass 
into gas. 

5. What is the use of sulphur ? 

It adds consistency to the mixture and intensity 
to the flame, besides rendering the powder less 
liable to absorb moisture. 

6. On what does the quality of gunpowder de- 
pend? 

On the intimate mixture and proper proportions 
and purity of the ingredients. 

7. In what does the manufacture of gunpowder 
consist? 

In pulverizing the ingredients, incorporation^ 
compression^ granulation, drying, glaxVa^ ^\A ^;>^\r 
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8. Explain the method of making gunpowder hy 
the pounding mill. 

The charcoal in small pieces is first placed in 
the mortars, with a quantity of water, and pounded 
for half an hour ; after which the saltpetre and then 
the sulphur, previously pulverized and sifted, are 
put in, and the whole well mixed with the hand; 
it is then pounded in the mortars, and at the end 
of each hour, the composition is passed from each 
mortar into the next. At the sixth or eighth 
change, add half a pint of water ; it is then pound- 
ed two hours without changing the mortars, in 
order that it may form into cake. It is then par 
tially dried, and grained in a graining sieve, or 
passed between wooden rollers. The grains are 
then sifted to separate those which are too coarse 
and too fine, and also to separate from each other 
the different kinds of grains for cannonj musket, and 
rifle powder. It is then glazed in large glazing 
barrels, which make 15 or 20 revolutions in a 
minute. A charge of 500 lbs. is thus treated for 
about twenty-four hours. It is then dried either 
in the open air, or in a drying house. If in the 
open air, when the sun is too hot, the powder 
should be covered to prevent the loss of sulphur. 
It is then dusted, by being sifted in fine sieves, or 
through bolting cloths. 

9. What other machines besides the pounding 
mill are used in pulverizing and incorporating the 
ingredients of gunpowder ? 

Rolling barrels, and the cylinder or rolling mill. 

10. What advantage is gained hy the use of the 

ROLLING BARRELS ? 

It lessens the duration and daiv^cr of funding 
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in the mortars. After the ingredients are pulver- 
ized and mixed in the rolling barrels, the mixture 
is placed under the pestles of the pounding mill, 
10 per cent, of water is added, and it is beaten for 
three hours only. 

1 1 . Which mill is now generally used f 

The CYLINDER MILL, which forms 50 lbs. of com- 
position into cake in from one to three hours. 

12. Does powder inflame instantaneously ? 

No ; its inflammation is gradual, and progressive, 
and in a gun the projectile commences to move 
before the whole charge is ignited. 

13. Why should gunpowder he grained f 

In order to &cilitate the transmission of the 
flame. When the powder is very fine, and in 
large and compact charges, the flame cannot pene- 
trate ity and it burns slowly and in successive 
layers. 

14. Which bums quickest, the smcUl or large 
grained powder f 

Before coming to the limit of dust, the smaller 
the grain, the more rapid the combustion, and the 
greater the bursting force of the powder. 

15. What is the difference between the ignition 
and combustion of large and small grained powder ? 

With the large grained, the ignition is more 
rapid, but the combustion slower; with small 
grains, the contrary is the case. 

16. Why should the grains be angular f 
Because they present a greater surface to the 

action of the flame, and therefore bum quicker. 

1 7. Why should powder be free from dust ? 
Because the dust fills up the intervals between 

the grains, and forming a compact mass, retards 
combustion. 



86 HAND-BOOK OF AETILLEBY. 

18. To what special purpose are large and smaU 
grained powders applied f 

The large for cannon, and the small for small 
arms. 

19. How is ike size of the grain for each kind of 
powder tested f 

By means of sieves or guages. 

20. How many grains of powder are in 10 jfrr. 
Troy weight ? 

Cannon, 150 ; Musket, 2,000 to 2,500 ; and I&fi, 
12,000 to 15,000. 

21. What is the object in glazing powder f 
Glazed powder does not absorb moisture, or 

break up in transportation, so much as unglazed. 

22. What is the established mode of proving Ai 
strength of powder in the U, S. ? 

A sample is taken from each barrel, and the 
strength determined by the eprouvette mortar. 

23. What is the least range allowed f 

The general mean-range of new powder murt 
not be less than 250 yards ; but no powder ran- 
ging below 225 yards is received. 

24. Wlien is powder in magazines considered tm- 
serviceable ? 

When it does not range over 180 yards. 

25. What is the range of good powder f 
Cannon from 280 to 300 yards. Small grained 

from 300 to 320 yards. 

26. What other means is there for determining 
the strength of powder ? 

The GuK AND Ballistic penduluii , and Naw'' 
Electro-ballistic Machine. The latter is con- 
sidered the best for determining the initial velo- 
citj. 
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27. What is the hygrometric proof of powder ? 
Samples are placed in shallow tin pans, set in a 

tub, the bottom of which is covered with water ; 
tJie pans should be about an inch above the water, 
and the tub covered. Good powder will not ab- 
sorb more than 2^ per cent, in 24 hours. 

28. How can the relative quickness of two kinds 
of powder be determined? 

By burning a train laid in a circular or other 
groove, whi(£ returns into itself, made in a piece 
of hard wood : one half of the groove being filled 
with each kind of powder, and fire communicated 
at the junction of t^e two trains, the relative quick- 
ness is readily deduced from observation of the 
point at whidi the flames meet. 

29. What are the qualities of good powder ? 

It should be perfectly free from dust, uniform in 
strengUi and size of grains, angular and irregular 
in form ; in color, brownish black, or slate c<^or ; 
so hard as not to be easily crushed by pressure 
with the finger ; and should leave no beads or foul- 
ness when flashed in quantities of 10 grs. on a cop- 
per plate. 

30. What is the expansive velocity ^ and pressure 
of ignited powder / 

The expansive velocity is about 5,000 feet per 
second, and pressure about 2,000 atmospheres. 

31. What is the weight of a cubic inch of pow- 
derP 

About half an ounce ; a cubic foot will therefore 
weigh about 54 pounds, and 32 cubic inches, one 
poimd. 

32. How is government powder packed ? 

In barrels of 100 lbs. each •, the \)WtA^ \icvsi% 
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large enough to allow sufficient space for the pow- 
der to move when rolled to prevent its caking. 

33. How are ike barrels marked f 

On one head with the pUu^e and year of manu&o- 
turc, and with the kind of grain, cannon, mwikti or 
rijie ; on the other head with the year in which it 
was proved and the proof -range ^ leaving room for 
subsequent proofs, which are marked in the same 
manner. 

34. When powder is injured by dasnpness, can U 
be restored f 

If the water absorbed does not exceed 7 per 
cent., it can be by drying. If it has absorbed 
from 7 to 12 per cent, after drying, it remains 
porous and friable, and is unfit for traiisportation. 
In this case it is better to work it over. 

35. How is powder stored f 

111 magazines especially constructed for the pur- 
pose. Ine barrels are generally placed near the 
sides, three tiers high, or four tiers if necessary ; 
small skids should be placed on the floor and be- 
tween the several tiers of barrels, in order to steady 
them, and chocks should be placed at intervals on 
the lower skid, to prevent the rolling of the barrels. 

36. How are the different kinds of powder wr- 
ranged ? 

Those barrels of the same kind, place and date 
of fabrication, and proof range, are piled together. 

37. Should it be necessary to pile the barreb 
more than four tiers high, what is done f 

The upper tiers are supported by a frame rest- 
ing on the floor ; or the barrels may be placed on 
their heads, with boards between the tiers. 
88. What is necessary for tKe pre^erDatxou of die 
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The magazine should be opened and aired in 
clear dry weather, and the ventilators should be 
kept free. 

89. How may the moisture of a magazine be ab- 
sorbed f 

By chloride of lime suspended in a box under 
the arch, and renewed from time to time. 

40. When the magazine is open, what precautions 
should be observed? 

The sentinel or guard should have no fire-arms, 
md any one who enters it should take off his shoes, 
w put socks over them. No sword or cane, or 
anything which might occasion sparks should be 
oarried in. 

41. Mow should powder in barrels be transport 
iedf 

The barrels should never be rolled ; they should 
be carried in hand-bsurows, or slings made of rope 
Qc leather. In wagons, the barrels shouli^ be 
packed in straw, and not allowed to rub against 
each other, and the whole covered with thick can- 
vas. 

42. What precaution should be used to prevent 
powder caking f 

The barrels should be taken outside the maga- 
zine and rolled on boards. 

43. Where should cartridge bags be filled P 

In the filling room of the laboratory, or a small 
magazine, and not in the general magazine. 
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PAET IX. 



PROJECTILES. 

1. What projectiles are made use of in (him- 

vice f 

Solid shot; shells; spherical case, or shrapnel; 
canister ; grape ; grenades ; stones ; caroasBeB ; 
light and fire balls. 

2. What is a solid shot f 

A solid sphere of cast iron, almost exdiuivdf 
appropriated to guns. The gun derives it denomi- 
nation from the weight of the shot, as 6-pr., 12-pr., 
&c. 

3. What is a shelly and its use f 

^hollow sphere of cast-iron, containing powder, 
which is ignited by means of a fuze ; when fired 
at troops, it should be prepared to burst over their 
heads, or, if the ground be favorable, to ricochet a 
little in front, and plunge into the column. When 
fired at works or buildings, it should explode after 
penetration. 

4. What is spherical case, and what advantages 
does it possess ? 

It is a shell much thinner than the ordinary shelli 
and filled with leaden bullets and a chaise of pow- 
der sufiicient to burst it, which is done by means 
of a fuze as with a common shell at any required 
distance. It is thus calculated to extend all the ad- 
vantages of canister shot, to distances far beyond 
the reach of that projectile, Ix. Va fec^\«iODLfeji^ 
SVns and bowitzers. 
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. 5. What are canister shot? 

Cylindrical tin cases with iron heads, of calibre 
mitable for different pieces of ordnance, filled 
with cast-iron balls arranged in tiers ; they are fired 
Jit ranges not exceeding 400 yards, but Uieir most 
destructive effects are from 100 to 200 yards. 

6. What are grape shot? 

A certain number of iron balls, usually nine, put 

together by means of two cast-iron plates, two 

rings, and one pin and nut. Each plate has on the 

limde three beds for the shot, of a depth equal to 

half the thickness of the plate, and of the form of a 

spherical segment, the curvature of which is the 

same as that of the shot. An iron pin riveted to 

the bottom iron plate, passes through the centre 

and also through the top plate, where the whole is 

■ecured by a nut and screw. 

NonL — ^The nee of these shot for field pieces has been die- 
eootinued, canister answering the purpose of these sh^ 

7. How were the balls fixed in the old pattern / 
They were placed in tiers around an iron pin at- 
tached to an iron tompion at the bottom, and put 
into a canvas bag, and then quilted around with a 
strong cord. 

8. What is a grenade ? 

A shell thrown from the hand, or in baskets 
from the stone-mortar, and ignited as other shells 
by means of a fuze. 

9. How many kinds of grenades are made use off 
Hand-grenades and ramparirgrenades ; six-poun- 
der spherical case may be used for the former, and 
shells of any calibre for the latter. 

10. To what purposes are grenades applied^ 
Tbejr are useful in the defense of ^oxYa, ^^ 
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smaller, thrown by hand into the head of a sap, 
trenches, covered way, or upon the bcMegere 
mounting a breach; the larger kinds are rolled 
over theparapet in a trough. 

11. WkatU a careois, anditavwf 

It iaa spherical flhetl having three additional 
holes, of the same dimensions as the &ze hole, 
pierced at equal distances apart in the upper hemi- 
sphere of the shell, and filled with a oomposition 
which bums with intense power from eight to ten 
minutes, and the flame issuing from the holes, teti 
fire to everything combustible within ita reach; it 
is used in bombardments, setting fire to shipping, 
&c. ; and is projected from cannon like a oomnion 
shell. 

13. What U a svhitilule for a eareast f 

Common ehells loaded in the following tDBS- 
ner: The bursting charge is placed in the oottom 
of the shell in a flannel bag, over which carcaw 
composition is driven until the shell is nearly filled ; 
then insert four or five strands of quif^-match, iriiich 
must be secured by driving more composition up- 
on it. These shells, otter burning as a carcass, ex- 
plode. 

13. What is a fire-ball, and ih «w f 

It is a projectile of an oval shape, formed of 
sacks of canvas filled with combustible compoei- 
tion, which emits a bright fiame. Ita use is to light 
«p the enemy's works, and it is loaded with a BheU 
to prevent it from being approached. 

14. What is a light bail? 

Lip;ht balls are the same as fire balls, except 
that there is no shell in thorn, as thcv are used for 
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15. What is a smoke ball f 

A hollow paper sphere similar to a light ball, 
and filled with a composition which emits a dense, 
naiuseotts smoke ; it is employed to sufifocate the 
enemy's miners when at work, or to conceal one's 
own operations ; it bums from twenty-five to thirty 
minutes. 

16. In field pieces to what is the prcjectiU attach- 
€df 

To a block of wood called a sabot. 

17. Are the projectile and cartridge ever attached 
to the same sabot / 

Yes, in field guns, and the 12-pr. field howitzer; 
the whole then constitutes a round of fixed ammuni- 
tion, 

18. WTiat is the arrangement in ca^e of the 32 
and 24'pdr. field howitzers f 

The projectile is separate from the charge, and 
the cartridge is attached to a block of wood called 
the eartridge-blochy the object of which is to give a 
finish to the cartridge and fill the chamber. 

19. What difference is there in sabots for field 
service? 

Sabots for shot, and spherical case for guns, 
have one groove for attaching the cartridge — those 
for gun canisters and for the 12-pdr. howitzer shells, 
spherical case, and canisters, have two grooves. Those 
for the 32 and 24-pdr. howitzer have no grooves ; 
but are frimished with handles made of cord, pass- 
ing through two holes in the sabot, and fastened 
by knots on the inside. 

20. ITow are projectiles for field service /a&(eue.d 
to the sabot f 

By straps of sheet-tin, ot o? slrcng cauxa^ 
when tin or sheet iron cannot \)e "prooxxT^^* 

9 
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21. How mo/ny atrapB are employed, cmd how wrt 
theyfasiened f 

For skoty there are two straps crossing at right 
angles, one passing throuffh a dit in the middle of 
the other. For shellSf there are four stn^ sd* 
dered to a ring of tin, or fastened to it by ciittaiig 
four slits in the ring, into which the upper ends d 
the strap are hooked, and turned down on the in- 
side of the rinff. The sabots for 32 and 24-pdr. 
field howitzers having no groove, each strap is lis- 
tened by one nail on the side, and two under the 
bottom of the sabot. 

22. TF%a^M a CANISTER FOR field-sbbyiobI 

It consists of a tin cylinder attached to a sabol 
and filled with cast-iron shot. 

23. JSow is it made / 

The cylinder is fastened to the sabot by six or 
eight nails, and a plate of rolled iron is placed at 
the bottom on the sabot. It is closed with a 
sheet-iron cover afler being filled, the top of the 
cylinder being cut into strips ^ an inch long, and 
turned down over the cover. 

24. In case of heavy guns are the shot attached to 
the sabot ^ 

They are generally without a sabot. 

25. JIow is it with shells f 

They are strapped to sabots made of thick plank, 
with strips of tin, as in case of strapping shot for 
field-service. 

26. How is it with canister for siege and sea- 
coast guns ? 

They have no sabot ; the tin is turned over the 
iron bottom. 
27. How is it with canisters /or iKe%-viv. ^« 
and sea-co<ut howitzers ? 
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They are attached to sabots in the same way as 
the field-howitzer canisters. The sabot for the siege 
howitzer has a hemispherical bottom and the sea- 
ooast a conical one, to suit the connecting sur&ce 
between the cylinder of the bore and the chamber 
in these pieces. 

28. Are tabots used with grape shot? 
Tea, in the 8-inch sea-coast howitzer. 

29. What is its form, and how fastened f 

It is conical ; and may be &stened to the lower 
plate with screws, or the pin may be made long 
enough to pass through it ; or else the sabot may 
be inserted into the piece separately from the 
stand of grape. * 

80. What is the object of fixing shot or shells to 
wooden bottoms f 

To prevent injury to brass cannon; and to 
insure the fiize of a shell being retained in the axis 
of the piece. 

31. What proportion does the weight of one shot 
hear to that of another ? 

The proportion is, as the cubes of their diameters. 

32. How is the weight of a cast-iron shot or shell 
determined? 

Multiply the cube of the diameter of the shot in 
inches, or the difference of the cubes of the ex- 
terior and interior diameters of the shell by 0.134 
for the weight in pounds. In case of lead balls, 
the multiplier is 0.214. 

33. How is the diameter of a cast-iron shot of a 
given weight found? 

Divide the weight in pounds by 0.184, and ex- 
tract the cube root of the quotient, Nrt!iiOKi^w^\i^ 
the diameter in inches. 
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34. JBow is the quantity of powder which a shell 
will contain found t 

Multiply the cube of the interior diameter of the 
shell in inches, by 0.01744 for the weight of pow- 
der in pounds. 

Note. — The above multipliers are found as ibUowi: 
Suppose W to represent the weight of a body, D its dens- 
ity, V its volume, and g the weight of the nnit of mto^ 
then W^DVg, Now, if a cubic inch be taken as th« 
unit of volume, then g will be numerically -ff^ po!ind& 

Hence, Tr=2)rf^=0.086201; D r=:0.0«620i>^" (sap- 

posiog (/ to be the diameter, and the body to be spherical) 
=0 036201 X 0.5286i>(i"=0.018966iW». ^ If we now sob- 
Btitute for J) the specific gravity of cast-iroD shot or sh^ 
=7.000, we have. TF=7 x0.01896(kl»=ai84rf«; and if to 
D we substitute the specific gravity of lead, }F=0.214ii'; 
and in case of powder, li^=0.01744<i'. 

For diameter8, weights and charges, see Tables, pages 
106-108. 

35. When shot are heated to a white heat, what 
expansion takes place f 



Calibre. 


8-in. 


42 


83 


24 


18 


18 


Expansion inches 


0.149 


0.11 


0.10 


0.08 


0.06 


0.04 



36. Do heated shot retain a permanent enlarge- 
ment f 

Yes ; in case of the 8-in. shot, for example, after 
the first cooling the enlargement is 0.054 in. ; and, 
after the second, 0.099 in. 

37. Are the igniting powers of a hot shot destroyed 
hy ricochetting upon the water ? 

No; a shot, properly Yieated, ^wVSV \^\\fc ^ood 
s/ter having struck the water 8e>?eT«\ \atii^». 
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38. What is the peculiarity of cartridges for hot 
shot? 

There are two cartridge bags, one being insert- 
ed, choke foremost in another of the next higher 
calibre, and the end of the latter folded under. 

89. Explain the process of loading with hot shot. 

The piece should be sponged with great care, 
and the worm frequently passed into the bore. As 
a precaution, it is well to insert a wet sponge just 
before putting in the ball. The muzzle is sufli- 
(dently elevat^ to allow the ball to roll down the 
bore, the cartridge is inserted, the mouth of the 
outer bag foremost, the fold down, and carefully 
pushed home without breaking it ; a dry hay-wad 
is placed upon it, and rammed once ; then a clay 
or wet hay-wad, and rammed twice ; and finally, if 
firing at angles of depression, a wad of clay a half- 
calibre in length, or a wet* hay-wad is put on the 
baU. 

40. May the hall cool in the gun without igniting 
the charge P 

Yes, with proper precaution in loading. The 
piece, however, should be fired with as little delay 
as possible, as the vapor, which arises from the 
action of the hot ball on the water contained in the 
wad, diminishes the strength of the powder. 

41. What means are afforded at the sea-board 
forts for heating shot? 

Furnaces for this purpose are erected, which 
hold 60 or more shot. 

42. What length of time is required to heat them 
to a red heat? 

The Bhot being placed and t\ie fvrnaaftfc c^^,'>^» 
requires one hour and fifteen im.ti\i\ifca % \5ivx\* ^^'^^ 

9* 
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the furnace is once heated, a 24-p(lr. shot is brought 
to a red heat in twenty-five minutes ; the S2-par. 
and 42-pdr. shot require a few minutes longer. 

43. J)escribe grates far heating ehoU 
In siege and other batteries, where there are no 

furnaces, a grate is used. It consists of four bars 
1.75 inches square, three feet long, placed four 
inches apart on three iron stands, one foot in 
height, it is placed in an excavation one foot in 
depth, of the width of the grate, perpendicular at 
the back and side, open in front, the legs resting on 
bricks or stones rising about four or five inches 
from the bottom. A roof is made over it with 
hoops of fiat iron, covered with sods and eights^ 
inches of earth, havingin the back part a chimney 
six inches square. The shot are placed on the 
back part of the grate, leaving one-fourth of the 
front part free ; and unSier and on the firont part the 
wood is put, cut in pieces about fourteen inches 
long and two inches thick. A thick sod is used as 
a register, to regulate the draught of the chimney, 
so that no fiame can issue fi:om the front. This 
grate, which will contain about fifi}een 24-pdr. balls, 
heats them to a red heat in an hour, and will sup- 
ply three guns. 

44. How are wads for firing hotshot made f 

Of hay ; by twisting fi'om the hay a rope of 
an inch or an inch and a half in diameter, and then 
commencing at one end, and doubling it up about 
one calibre in length, twisting it all the time until 
it becomes nearly large enough, when the rope is 
wound around the wad perpendicular to its axis, 
and fastened, with a Yiitc\i. Ot V\\fe \mk^ xsv«iy be 
rammed in a fwm of pToper c«^^t^^ ^sA ^Qossa. 
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bound with spun yarn, and afterwards rammed a 
second time. 

45. Have hot shot been almost entirely superseded ? 

Yes, since' the adoption of the method of throw- 
ing large hollow shot from long pieces. These re- 
quire but little preparation, can be used at once, 
and are more terrible in their effects. 

46. What are rino or grommbt wads, and their 
tuef 

They consist of a ring of rope yam, about 0.7 in. 
thick, with two pieces of strong twine tied across 
at right angles to each other. The size of the ring 
is the full diameter of the bore, in order that it 
may fit tight, and stop the windage. They in- 
crease the accuracy of fire, and are to be preferred 
when the object of the wad is to retain the ball in 
its place, as in firing at a depression. They stop 
the windage best when placed behind the ball. 
They may be attached to the straps, or to the ball 
by twine, or may be inserted like other wads after 
the' ball. 

47. How are junk-wads made ; and for what art 
they used? 

Wad-m^mlds for each calibre,— consisting of two 
cast-iron cylinders of different diameters set in oak, 
or of two strong pieces of oak, strapped with iron, 
and joined by a hinge, — ^are employed in their 
manufacture. The junk, after having been picked, 
ha compressed by being beaten in the smaller 
mould with a maul and cylindrical drift — ^the lat- 
ter nearly of the size of the mould — ^until it as- 
sumes the requisite dimensions ; it ia iVkaw \a3&wv. 
out hy raising the upper part of t\ie xcioxiV^, «sA 
(dosely wrapped with rope yarn, ^a-sa^ ^^^^ '^ 
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in the direction of the axis of the cylinder, and &8- 
tened by a few turns around the middle of the 
wad. It is then placed in the large mould, and 
again beaten with the maul and drift, until its dia- 
meter is increased to that of the mould, when it is 
taken out and its diameter verified by a wooden 
gauge corresponding to the large shot-gauge of the 
calibre. These wads are used for proving cannon. 

48. Describe the process of loading field-shells. 
They are set up on their sabots, the charges 

measured out in the proper powder measure, luid 
poured in through a copper ftmnel. The fuze-plugs 
are then driven in with a mallet, allowing the 
tops to project about 0.1 in. care being taken 
not to split them. The holes in the plugs are then 
carefully reamed out, and stopped with tow-wads, 
which are pressed in firmly with a round stick. 

49. Describe the process of loading spherical case 
shot. 

The shot having been cleaned, the balls are put 
in. A stick with a less diameter than the fuze hole, 
and having a groove on each side of it, is inserted 
and pushed to the bottom of the chamber by 
working the balls aside. The shot is then placed 
in a sand-bath or oven, and brought to a proper 
temperature to receive the sulphur, . which in a 
melted state is poured in to fill up the interstices 
between the balls ; the shot is allowed to cool, and 
the sulphur to harden, when the stick is withdrawn, 
and the sulphur adhering to the sides of the eye 
and the surface of the shot is removed. If a fuze- 
plug and paper-fuze are to be used, the charge is 
poured in and the plug inserWl ©xafttly as in case 
of a shell; but, if the BoTmaim. tvja.^ \a \A:»\^\)ar^ 
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. 5. What are canister ehotf 

Cylindrical tin cases with iron heads, of calibre 
suitable for different pieces of ordnance, filled 
irith cast-iron balls arranged in tiers ; they are fired 
Jit ranges not exceeding 400 yards, but dieir most 
destructive effects are from 100 to 200 yards. 

6. What are grape ekotf 

A certain number of iron balls, usually nine, put 

together by means of two cast-iron plates, two 

rings, and one pin and nut. Each plate has on the 

inside three beds for the shot, of a depth equal to 

half the thickness of the plate, and of the form of a 

spherical segment, the curvature of which is the 

Mme as that of the shot. An iron pin riveted to 

the bottom iron plate, passes through the centre 

and also through the top plate, where the whole is 

secured by a nut and screw. 

NonL — ^The nee of theM shot for field pieces has been di»- 
MMitinued, canister answering the purpose of these sh^ 

7. How were the haUs fixed in the old pattern f 
They were placed in tiers around an iron pin at- 
tached to an iron tompion at the bottom, and put 
into ft canvas bag, and then quilted around with a 
strong cord. 

8. WTiat is a grenade? 

A shell thrown from the hand, or in baskets 
from the stone-mortar, and ignited as other shells 
by means of a fuze. 

9. JBow many kinds of grenades are made use oft 
Hand-grenades and rampart^renades ; six-poun- 
der spherical case may be used for the former, and 
shells of any calibre for the latter. 

10. To what purposes are grenades applied^ 
Tbejr are useful in the defense oi ^QtY»> ^^ 
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the mean time the fuze is cut to the proper lengtli 
according to the range, hj resting it in a groove 
made in the block, or inserting it in a hole made 
in a block, or in a post, and sawing it across wifih 
the fuze-saw ; or tne fiize may be bored throusli 
with a gimlet perpendicularly to the axis, at the 
proper point. The fuze is then tried in the eye, 
and should enter f of its length. If it does not, it 
may be reduced by rasping. The head of it \a 
covered with tow to prevent the breaking of the 
composition, the fuze-setter placed on, and the fuze 
driven with the mallet until the head projects not 
more than 0.2 in. to 0.4 in. above the surface of 
the shell. These shells are generally filled and the 
fuzes driven in the battery magazines, as they are 
required. 

52. How are shells for oolumbiads and hkavt 
GUNS loaded^ 

In the same way as Mortar-shells ; but as paper- 
fuzes inserted in wooden or bronze fuze-plugs are 
used instead of wooden fuzes, the plug only is 
driven into its place, and stopped with tow after 
the bursting charge has been poured through it 
into the shell. 

53. How are condemned shot and shell marked f 
With an X, made with the cold chisel. 

54. How should balls be preserved^ 

They should be carefully lacouered as soon as 
possible afler they are received. When it becomes 
necessary to renew the lacquer, the old lacquer should 
be removed by rolling or scraping the balls, which 
should never be heated for that purpose. 

55. How should grape and canister shot be pre- 
servedf 
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They should be oiled or lacquered, put in piles, 
or in strong boxes on the ground floor, or in dry 
cellars ; each parcel marked with its kind, calibre, 
and number. 

56. How are halU piled? 

Balls are piled according to kind and calibre, 
under cover £f practicable, in a place where there 
is a free circulation of air, to facilitate which the 
piles should be made narrow, if the locality per- 
mits ; the width of the bottom tier may be from 
12 to 14 balls according to calibre. 

Prepare the ground for the base of the pile by 
raising it above the surrounding ground so as to 
throw off the water; level it, ram it well, and 
cover it with a layer of screened sand. Make the 
bottom of the pile with a tier of unserviceable 
balls buried about two-thirds of their diameter in 
the sand ; this base may be made permanent : clean 
the base well and form the pile, putting the fuze- 
holes of shells downwards in the intervals^ and not 
resting on the shells below. Each pile is marked 
with the number of serviceable balls it contains. 
The base may be made of bricks, concrete, stone, 
wood, or with borders and braces of iron. 

57. How should fixed ammunition for cannon he 
stored? 

Either in boxes or placed in piles, formed of two 
parallel rows of cartridges, with the sabots to- 
gether; in 4 tiers for 12-pdr. and 5 for 6-pdr. ; 
diock the lower tier with strips of wood fastened 
with small nails ; put a layer of tow two 2 in. thick 
between the shot ; let the piles rest on planks, if 
there is no floor, and cover them vrilK \at^^\3iYft&\ 
hare the place swej^t, and the caTtr\4gG-\>«ki^\st\x^^ 
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off. Leave a passage of 18 in. between the doable 
rows, and keep them 2 feet from the walls. Fixed 
ammunition snould not be put into powder-maga- 
zines, if it can be avoided ; it should be kept in a 
dry place above the ground floor if practicable ; 
the store-rooms should be always aired in fine 
weather, the piles should be taken down, and made 
up again every six months at most, the bags 
examined and repaired, and the damaged cartridf^ 
broken up. A ticket on each pile should show the 
number and kind of cartridges, the additions to the 
pile, and the issues. 

58. How should canisters he piled? 

Like fixed ammunition, in 4 tiers for 24's and 
18's ; and 5 for 12's and 6's. Empty canisters in 
10 or 12 tiers ; the bottoms and covers separately. 

59. How should CARTRIDGB-BAOS FILLED bepikdf 

Like fixed ammunition, or packed in boxes or 
barrels. 

60. How should LOADED SHELLS bc piled f 

On the ground floor of a secure building on 
planks, if the floor is not boarded ; in 6 tiers at 
most; the fuzes of the lower tier in the vacant 
spaces between the shells ; those of the other tiers 
turn downwards, like the faze-holes of empty shells; 
the piles should be covered with a tarpaulin. 
Loaded shells should never be put into magazines, 
except from absolute necessity. 

61. How should FIRE-BALLS be preserved ? 

In a cool place, separated from each other by 
shavings or straw, if they are piled up. 

62. How is the number of shots or shells in a pile 
computed^ of whatever form the pile may be f 

By multiplying the s\xixx oi \)aft >2ta^^ ^v»2^^\ 
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edges, by one-third of the number of balls in a 
triangular fitoe. 

d3. What is meant by the three parallel edges of 
the pile f 

Of the rectangular or long pile, they consist of 
the two largest bottom-rows and top-row ; of the 
square pile, of two bottom-rows and top-shot ; and 
m the triangular pile, of one bottom-row, the shot 
at the opposite angle, and that at the top. 

64. How is the number of shot in a triangular 
face computed^ 

Multiply the number in the bottom row, plus 
one, by half the number in the bottom row, for the 
number required. 

65. Sow is the shot contained in the top row of a 
rectcmgular pile calculated ? 

One added to the difference between the long and 
short bottom rows will be the number required. 

66. How is the shot in an incomplete pile calcu- 
lated ? 

By first computing the number in the pile con- 
sidered as complete, then the number of what the 
upper part ought to consist ; and the difference of 
these piles will be the number contained in the 
frustum or incomplete portion. 
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PART X. 



LABORATORY STORES. 

1. What is a fuzk 1 

The contrivance by which fire is communicated 
to the charge in a shell. It consists, essentially, of 
a highly inflammable composition inclosed in a 
wood, metal, or paper-case. 

2. What fuzes are used in the U, S. service? 
Wooden, paper, the Bormann and the United 

States sea-coast fiizes. 

3. Describe the wooden fuze. 

It consists of a conical plug of wood, of the 
proper size for the fuze-hole of the shell with which 
it is to be fired. The axis of this plug is bored 
out cylindrically, from the large down to within a 
short distance of the small end, which is left solid. 
At the large end a cup is hollowed out, and the 
outside of the plug is divided into inches and parts, 
generally tenths, commencing at the bottom of the 
cup. The cylindrical space is filled with composi- 
tion, pounded hard, and as regularly as possible, 
and the cup filled with mealed powder moistened 
with whisky or alcohol. The rate of burning is 
determined by experiment, and marked on a water- 
proof cap, which is tied over the cup. Knowing 
the time any shell is to occupy in its flight, the 
fuze is cut off with a saw at the proper division, and 
firmly set m the fiize-hole with a fvize-^^\i ^xv^xw^- 
Jet Say the fuze bums 5' to tbc mcVv. \^ ^ ^^ 

10* 
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be 10'^ in reaching the mark two inches of fuze will 
burst it as it strikes. If it takes 8" to reach the 
mark, 1 /y in. will be cut off, &c. 

4. What is the disadvantage of this fuze ? 

Its irregularity, it being very difficult to pound 
the composition so that equal lengths will bum in 
equal times. The shell may either burst to soon, 
and a great part of its effect be lost ; or it may 
burst after burying itself in the ground ; or it may 
burst after passing the proper point. This irre- 
gularity of burning is common to all fuzes where 
the composition is driven in successive layers in a 
column which burns in the same direction. 

5. What is the composition for Mortar-fuzesf 



No. 

1 
2 
8 


Nitre. 
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Tme of 
burning 1 in. 
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1 
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6. Is the wooden-fuze used? 
Yes, for Mortars. 

7. Are these fuzes always cut before being ti 
serted in the shell ? 

Generally they are; but they are sometime 
bored through at the proper positions instead < 
being sawed. 

8. Are they ever cut obliquely ? 

Yes, when the fuze is so long as to render 
likely that it will reach the bottom of the she! 
for hy cutting it perpendicular to the axis, the who 
base of the wood might "be diVve-iL m <iQw\a«x ^^ 



LABORATOBY STOSES. 



Ill 



e bottom of the shell, and prevent the lighted 
mposition from setting fire to the bursting charge. 

9. Describe the paper-fuze. 

It consists of a conical paper-case, containing the 
mposition, whose rate of burning is shown by 
e color of the case, as follows : 

Black bums 2'' to the inch 

Red « 8" " 

Green « 4" " 

Yellow « 5" ** 

Each fuze is made two inches long, and the yel- 
w consequently bum 10''. For any shorter 
me, the fuze is cut with a sharp knife. With this 
ze is used a fiize-plug having a conical opening, 
hich is reamed out to fit the paper-case when the 
lell is loaded, and the fuze is then pressed in with 
e thumb. 

10. What is the great advantage of this fuze? 
Its simplicity, and the little trouble required to 
ace it in the shell, which renders unnecessary the 
merous and complicated instruments such as 
wSj fuze-setter, and extractor, files, &c., which 
5re formerly used in field artillery. 

11. What is the composition of paper-fuzes made 

2 
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at a Fig. 3, is filled 

with fine pofrder and 

covered with a sheet of 

\ tin, which is soldered, 

iWoung the m^azine 

I l&om U)e external air. 

Before using the fuze, 

7 several holes are punch- 

/ ed through this sheet of 

tin, to allow the flame 

to enter the shell. On 

the aide of the fuze the 

^ *■ thread of a screw is cut 

ch fits into one out on the inside of the fuze. 

i, and the fuze is screwed into the shell with a 

mcb. 

lie thin layer of metal over the composition is 
through with a gouge or chisel, or even a pen- 
fe, at the interval marked with the number of 
)ndB which we wish the fuze to burn. To pre- 
vent the metal of this fuze, which 
;, Irom being driven into the 
\shell by the explosive force of 
]the chiuge, a circular piece of 
^i^ (iron, with a hole through itaeentre, 

^ /and the thread of a screw on the 

^^_^^ ~ ^_/ outside Fig. 5 is screwed into the 
jr~j|_ fuze-hole before the fuze' is in- 

serted. 
3, To what kind of artillery has this f me been 
fined? 

'rincipally to light artillery, in firing sheila and 
ticularly spherical case, vhexe Tc:^'a\»x\Vj %s.^ 
ainty are essential requisites. 
f. Meniion one important advantage of lH\.» Jn*' 
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The shells can be loaded, all ready for us 
remain so any length of time, perfectly saf< 
explosion, as the fuze can be screwed into its 
and the composition never exposed to exten 
until the metal is cut through. 

15. What is the only operation mnder ^ 
quired f 

To gouge through the metal at the proper 
with any kind of chisel, knife, or oilier instrv 

16. Describe the United States 0ia-€oast : 
In the United States, a bronze fuze-plug has 

adopted for heavy shells instead of the woode 
It fits the eye in the same way, and is retain 
friction. 

It having been found that ricochets, esp< 
over water, were apt to extinguish these 
a safety cap and primer combined have 
adopted in the navy. A recess in the top is 
with priming composition and covered, unt 
fuze is required for use, with a leaden disk 
fits accurately the opening. A crooked p 
filled with priming, conveys the fire to th< 
composition beneath, and prevents water frc 
ing forced in in sufficient quantity to extingui 
fuze. 

17. When are paper fuzes for field-shell 
spherical case inserted ? 

At the moment of loading the gun, anc 
wooden fuze-plugs previously driven into the 

18. What is a port-fire ? 

It consists of a small paper case filled i 
highly inflammable but slow-burning compo 
the hame of which is very mtense and penet 
and cannot be extinguished "by ^aXet. 
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19. What U it used for f 
Priiicipall7 as an incendiary material in loading 
Aells, and for communicating fire to the priming of 
gons when proving them. 
IM). Whai does port^fire composition consist of? 
Of nitre, sulphur, and mealed powder, in differ- 
ent Proportions. One kind is composed of 

Nitre 65 parts.. 

Sulphur 22.5 « 

Mealed powder 12.5 '^ 

A port fure case, eighteen inches in length filled 
with this composition, bums ten minutes. 

21. What are pbimino-tubes, and their use ? 
Small pipes having a cap at one end, and filled 

vith a composition for firing cannon. 

22. What tube is in general use in our service ? 
Hie friction primer. 

28. Describe it. 

It consists of a short tube of metal inserted into 
a hole near the top of a longer tube, and soldered 
in that position. The short tube, is lined with a 
composition made by mixing togeliier two parts of 
chlorate of potassa and one of sulphurate of anti- 
mony, moistened with gum water, A serrated wire 
passes through the short tube and a hole opposite 
to it in the side of the long one, the open end of the 
short tube being compressed with nippers, and the 
wire at the end of the serrated part doubled under 
to prevent any displacement. The other end of 
the wire is doubled and twisted by machinery. 
The long tube is filled with musket powder, its 
upper end being closed with shellac-vaniish, and 
its lower with shoemakers-wax. 
24. W7iat (tdvantage does the friction lube i^%- 
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It gives an enemy at night no clue to tl 
tion of your piece, as does the lighted port 
slow-match. 

25. What is slow-match ? 

A slow burning match prepared from b 
flax slightly twisted, soaked in a strong ly 
water holding in solution sugar of lead. 
rope well twisted, forms a good match ^ 
any preparation. 

26. How hng does slow-match preparer 
hemp orjlax hum? 

Four to five inches to the hour. 

27. What is the use of slow-match f 

It is used principally for the purpose of 
ing fire in the shape of a hard-pointed coa 
used in firing cannon, fire-works, &c. It "^ 
merly used in field-batteries for lighting tl 
fires with which the pieces were discharge 
both are now entirely superseded by the 
tube. 

28. What is quick-match ? 

It is a match made of threads of cotton, 
ton wick, steeped in gummed brandy or ^ 
then soaked in a paste of mealed powc 
gummed spirits, and afterwards strewed ov 
mealed powder. 

29. How long does it hum f 

One yard burns in the open air thirteen s 

30. What is the use of quick-match ? 

To fire stone and heavy mortars, and 

times in proving pieces. It is extensively 

priming all kinds of fire-works, such as i 

light halls, carcasses, rocketa, -^Timin^ tub 

and in conveying fire very xa^K^y ^otq. 

tlon of a piece of firework to aTvot\iQi^. 
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A i^iiiijioHiiii of 50 parts of tiitre, 28 of sulphm 
!^ uf aiitimouy, aiid 6 of rosiii. 

:f4. Whal in its tiee f 

As ail iiiooudiary eompoaJtion, in charging shel 
..- ibe purpose of inereaBiug llieir destructive p ' 
" ny, by setting fire to buildinjrB, shipping, & 
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PAETXI. 



PLATFORMS. 

1. What is a platform 1 

A strong fiooryig upon which a piece c 
nance, mounted on its carriage, is manoeuvrei 
in battery. 

2. WhxLt is the object of a platform f 

To facilitate the service of heavy guns an 
tars, and to insure accuracy of fire. 

3. Mention the kinds of platforms in gene 
in .the service » 

Fixed platforms for casemate and barbel 
teries in fortifications, which are construct! 
the works ; the siege-platform for guns and 
zers.; and the siege-platform for mortars ; tl 
platform ; and the ricochet-platform. 

4. What properties should wooden platfor 
sess ? 

Strength .and portability. 

5. Are the pieces composing siege-platfc 
the sam>e w different dimensions ? 

All of the same dimeiisioiis, Vvl\ ^ ^^^\. 
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uiches wide, and 3^ inches thick ; except the sleepers, 
vrhich in the mortar platform are one foot less in 
length. 

6. What is the weight of each piece ? 
About fifty pounds. 

7. What is the number of pieces in the siege- 
"^htformfor guns and howitzers? 

Forty-nine in all, one being used as a hurter on 
le front part of the platform to prevent the car- 
nage from running too far forward; and twelve 
■or sleepers. 

8. Describe the method of laying a platform for 
I Hege-gun or howitzer. 

First establish the centre line of the embrasure, 
^ stretch a cord on this line from the middle of 
he embrasure to the rear. This is the directrix of 
be platform. 

Lay the two outside sleepers parallel to this di- 
letrixy their outside edges being fifty-four inches 
istant from it. The four other sleepers are laid 
irallel to these, the edge of each fifteen and a 
ilf inches from the edge of the next. The upper 
ir&ce of the front ends of these sleepers to be fifty 
ches on a vertical line below the sole of the em- 
*asure. 

They are laid with an elevation to the rear, of 
le and a half inches to the yard, or four and a 
ilf inches in their whole length. This elevation 
ay be determined by placing a block four and a 
ilf inches high on the front end of the sleeper, 
id laying a straight-edge with a gunner's level on 
from this block to the rear end, then so arrange 
e earth as to bring the level true m \\fta ^q«^\wv» 
r<? next set of sleepers are laid aga,\xi:&\i wA*\!Msv^<^ 
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of tbc first, overlapping thi'in tlirce feet, having 
the rear ends inc-lini'd outwards, so that the outer 
edgea of the exterior ones shall be each fifty-four 
ii)c-hes from the directrix, and the spaces between 
the cdftes of the others the same as in the first let, 
viz : fifteen and a half iaehes from the edge of one 
to the edge of the next, all having the eleratioato 
the rear of one and a half inches to the yard, ud 
perfectly level acro<>3. The earth is then raronwd 
firmly around these sleepers, and made even with 
their uj)per surface. The first deck-plank, with* 
hole through each end for the eye-bolts, is kid in 
])laco perpendicular to the directrix, its holes net- 
responding with those in the sleepers. The hurtrt 
is placed on it, and the bolts di'iren throu^ tba 
corresponding holes in these pieces. The KurtM 
should be so placed as to prevent the wheels from 
striking against the epaulment when the piece is in 
battery. If the interior slope has a base of tvo- 
sevenths of ita height, the inner edge of the hurWr 
should be tH'o and a half inches from the foot of 
the slope. The other planks are then laid, eaA 
one forced aj;rainst the pi'ecediiig, the last plauk 
lia\'iiig holes for the rear eye-bolts. By drawing 
out or driving in the outside sleepers, the holw 
through their rear ends arc made to corresponJ 
with those in the last deok-plank, and the bolts are 

Drive stakes in the rear of each sleeper, lesT- 
inf; their top-s level with the upper surface of the 
platform. liaise, ram, and levd the earth in reU 
of tlie platform, so as to have a plain, hard surface 
to sup[)ort the trail when the recoil is great. The 
oarth lit the sides shooli \ift Ta:\*e4. wemVj wi Uish 
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as the platform, and well rammed, giving it a slight 
inclination outwards to allow the water to run off. 

9. What are the dimensions of this platform ? 
Fifteen feet by nine feet. 

10. Why is the elevation to the rear given to this 
platform? 

To diminish the recoil and to permit the water 
to run off. 

11. Describe the platform for a mortar. 

The mortar-platform is composed of only half 
the number of sleepers and deck-planks required 
ibr the gun or howitzer platform. It is laid level, 
and the front and rear deck-planks are connected 
by eye-bolts to every sleeper. Its depth is one- 
half that of the previous platform. 

12. Describe the method of laying the rait-plat- 
form. 

The rail-platform for siege-mortars consists of 
three sleepers and two rails f(;r the cheeks of the 
mortar-bed to slide on, instead of the deck-plank, 
and is very strong, and easily constructed and laid. 

The pieces being notched to fit, are driven to- 
gether at the battery, the distance between the 
centre lines of the rails being equal to that be- 
tween the centre lines of the cheeks. The earth is 
excavated eight and a half inches, the depth of the 
sleepers, and the bottom made perfectly level. 
The directrix being exactly marked by stakes, the 
platform is placed in position, its centre line coin- 
ciding with a cord stretched between the stakes 
marking the line of fire. The earth is filled in as 
high as the upper surface of the slee];)er8, and 
^rmly rammed ; and stakes are dx\\<i^\\\*Ocvsi^^"«fit 
11* 
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angles formed by the sleepers and rails, and one t 
the rear end of each rail. 

13. Mention the parts of ike kicochbt-pu^ 

FORM. 

1 Hurter, 8 ft. long, 8 in. wide, and 8 in. thick 
8 Sleepers. 9 ft. " 5i " " " 6i " 

2 planks 10 ft 8 in. rg, 13 " " " H " 
1 plank, 7 ft. long 18 " " " H " 
lpieceplank2ift.rg,13 " " " 2i " 

And some stakes. 

14. Describe the method of laying this jplaifor\ 
To lay this platform, place the hurter perpe 

dicular to the line of fire, and secure it by fo 
stakes, one at each end and two in front, 3 
inches from the middle towards each end ; lay t 
three sleepers parallel to the hurter, the firat 
inches from the rear edge of the hurter, the seco 
43^ inches from the rear edge of the first, a 
the third 43|- inches from the rear edge of 1 
second. Lay the plank 31^ inches from the 
rectrix of the platform to the centre of the plai 
Place the piece of plank 60 inches from the r 
edge of the last sleeper, and bed it in the grou 
Place on the last sleeper and this piece of plank, 
plank (7 feet long), its front edge 106 incl 
from the rear edge of the hurter. 
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ARTILLERY CARIIIAGES AND MACHINES. 

1, WT^i is meant by artillery carriages? 
Carriages of every description employed in the 
artillery service. 

2. Sow are suck carriages classified ? 

Into two general divisions ; first, those carriages 
on which artillery are mounted, either for firing 
or traveling ; and secondly, such as are especially 
Used for the transportation of artillery ammunition 
and stores. 

3. What is a gun-carriage ? 

It is the machine on which a piece is mounted 
for manceuvring and firing. 

4. Into what classes may gun-carriages be di- 
'videdf 

Into mx>vahle and stationary carriages. 

5- What is the use of movable carriages ? 

They are used for the transportation of the 
pieces as well as for firing them, and are mounted 
on large wheels. They aro furnished with limbers. 

6. Describe the movable carriage. 

It consists of two cheeks, connected together and 
with a stock by assembling bolts. The front part 
supports the piece, and rests upon an axle-tree fiir- 
nished with wheels, the rear end of the stock or 
trail Testing on the ground. 

7. ^F^/ are the cheeks 1 
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The parts of the carriage between which the 
piece is placed, and upon which the trunnions are 
supported. 

8. What is the wheel composed off 

Of a nave into which the axle-tree enters ; of s 
certain number of spokes fastened in the nave ; 
and a circumference which is composed of a num- 
ber of fellies equal to half the number of spokes. 

9. What is the dish of a wheel ? 

The inclination outward of the spokes, when fifr 
tened in the nave, i 

10. What is the advantage of this obliquity of 
the spokes ? 

It gives elasticity to the wheel, and protects it 
from the effect of shocks which would destroy it, 
if the spokes were in the same plane. 

11. What is the object of giving dish to a wheel t 
For the purpose of making the body of the car- 
riage wider ; to diminish the length of the axl®" 
tree, thus increasing its strength ; to throw the 
mud and water outside the wheels ; and to keep 
the wheel close against the carriage, and prevent 
any tendency to run off the axle. 

12. JSbio are movahle gun-carriages distinguished! 
As field, mountain, and siege-carriages. 

13. What are the principal considerations to ^ 
kept in view in the construction of movable caF" 
riages ? 

In firing, the carriage should yield to the recoil 
Were it fixed immovably, it would soon be de 
stroyed, no matter how great its solidity, fc 
weight should be proportional to that of the piece. 
If too heavy it would soon be destroyed by the 
k shocks of the piece. If loo Vv^t, xJiaa \^^«j$^^QViy 
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be immoderate. Its weight should always be less 
than that of the piece. A heavy piece upon too 
light a carriage will perform better service than 
the reverse arrangement, since the effort exerted 
by a piece depends upon its mass multiplied into 
the square of the velocity. 

14. What are the principal considerations to be 
Inpt in view in the construction of Jteld-carriages? 

Lightness and strength combined, great mobility 
and flexibility, and a low centre of gravity, in order 
to surmount all difficulties in the field which must 
frequently arise while artillery is acting with other 
troops, — ^to resist the concussion in firing, and the 
severe jolting produced when moving rapidly over 
Uneven ground. 

15. How many kinds of field-gun carriages have 
wef 

Three, viz : One for the 6-pdr. gim and 12-pdr. 
howitzer; another for the 24-pdr. howitzer; and 
the third for the 12-pdr. gun and 32-pdr. howitzer, 

16. in what respect are these carriages similar ? 
In all having the same kind of limber and the 

same-sized wheels, so that any limber or wheel 
may be used with any carriage ; though, if possible, 
the heaviest wheel (No. 2) should be used on the 
carriages of the three heaviest pieces, 12-pdr. gun 
and 24 and 32-pdr. howitzers. 

17. Describe these gun^arriages. 

They consist of two short cheeks of wood, bolted 
upon a stock and wooden axle-body, in a recess of 
which fits the iron-axle on which the wheels are 
placed. The stock terminates in a trail and trail- 
plate which rests on the ground, DiTvd W"& csw "v>j>tfi, 
^nd a strong ring called the lunette, vj\il\^\^^^^^^ 
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• 

on the pintle hook when the piece is limbered. 
In the stock is placed an elevating screw-box of 
bronze in which the elevating screw fits. 

18. Mention other parts of a fieldrcarriage. 
Cap-squares, ear-plates, trunnion-plates, llnde^ 

strap, elevating-screw, wheel-guard plate, axle-tree, 
trail-plate, trail-handles, prolonge-hooks, poinfc- 
ing-rings, washer-hooks, lock-chain, sponge-cbaiiiy 
sponge and rammer stop, bolts, rings, bands, hooks, 
keys, straps, nuts, and nails. 

19. What is the limber P 

It consists of a similar axle-body, axle, and two 
wheels, and on these rests a frame-w^ork to receive 
the tongue. On top of the whole is an ammmu- 
tion box, the top of which forms a seat for three 
cannoneers. In rear of the axle-tree is a pintU' 
hook to receive the limette of the trail. Connec- 
ted with the frame work in front, is a fixed splinter' 
bar with four hooks, to which are attached the 
traces of the wheel-horses. At the extremity of 
the tongue are placed two pole-chains, by which 
the tongue or pole is held up, and a pole-yoke 
with two movable branches, to prevent, as mudi 
as possible, the pole from oscillating and striking 
the horses. 

20. What is the use of the limber ? 

To facilitate the movements of the carriage. 
By means of it a considerable portion of ammuni- 
tion and stores may be conveyed for the immedi- 
ate use of the piece, some of the cannoneers may 
be seated on the boxes, and by the simple manner 
in which it is attached to the carriage, the greatest 
facility is afforded for coming into action, or in re- 
tiring. 
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21. Are there any other advantages from the 
Winer in which the gun-carriage and limber are 
xmnected? 

These two parts thus possess all the advantages 
of a four-wheel carriage, and the freedom of motion 
peculiar to each admits of their passing over ground 
minjured, or without being overturned or strained, 
where any other four-wheel carriage would invari- 
aUy fail. 

22. Describe the mountain artillery gunrcar- 
nage. 

It is formed like the field-gun carriage, but 
lUQch smaller, the cheeks not being formed of 
jieoes distinct from the stock, but all three made 
rftwo pieces bolted together. The axle-tree is 
rf wood, which lessens the recoil, and gives an 
tiMticity to the whole carriage, better adapted 
to resist the shocks of firing. The wheels are but 
ttrty-eight inches high. Ordinarily, over rough 
gnmnd, the carriage is transported on the backs of 
Bales ; but where it is possible, a pair of shafts 4s 
Ittached to the trail to keep it from the ground, 
ImI the piece is drawn on ils carriage by hamess- 
kg one of the pack mules to it. The ammunition 
is carried in ammunition boxes on the backs of 
moles. 

23. Describe the prairies-carriage. 

The necessity for a small carriage for the moun- 
tain-howitzer when used on our western prairies, 
in led to the adoption of a special carriage for 
thit service, with a limber attached as in a field 
6ttriage. This renders the carriage less liable to 
oveptum, and preferable in every respect to t\v<^ 
two-wheeJed one. The limber is turm^^^ ^wSJ^ 
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two ammunition boxes, placed over the axle-tree^ 
and parallel to it, and just wide enough for one 
row of shells and their cartridges. 

24. How many kinds of sikgu-gun carriages art 
used in our service ? 

Three ; one for the 12-pound gun ; another for 
the 18-pdr. ; and the third for the 24-pound gun and 
8-in. howitzer. 

25. In what respect are they similar ? 

They are all constructed in the same manner, 
differing only in their dimensions. All the limbers 
and wheels are the same, so that they can be used 
in common. 

26. Describe this gun-carriage. 

It is similar in its construction to the field-ca^ 
riage, but is joined to the limber in a different 
way. Projecting upwards from the limber and in 
rear of the axle-tree, is placed a pintle, wWch 
enters a hole made in the trail from the undernde, 
and a lashing-chain and hook keep the two parts 
together when once in position. The weight oi 
the trail resting on the rear end of the tongue 
keeps this nearly horizontal, and relieves the 
horses of the weight of it, which, as it must Ix 
})0th long and heavy, is too much for the horses t( 
carry. 

The splinter-bar is, as in field-carriages, station 
ary, but the traces of the next team are attaehe< 
to a movable bar which is connected with the en( 
of the tongue. The tongue is furnished with pole 
chains, but no yoke, and the rest of the teams ar 
harnessed as in field-artillery. The axle-trees ar 
of iron, with axle-bodiea of wood ; which last, b; 
Its elasticity y renders th<i sYiociV. iToixv >[j![ij^ "^v^K^Vex 
direct and violent. 
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3n the upper surface of the cheeks, near the 

r endsy are placed two projecting bolts which, 

h the curve of the cheeks, form resting places 

the trunnions, when the piece is in position 

transportation. They are called traveling 

nnum^eds. When the piece is in this position, 

breech rests upon the bolster, which is a curved 

»ck of wood, bolted to the upper side of the 

ck. On each side of the trail, and perpendicu- 

to it, a strong manoeuvring bolt is placed to 

ve as places to apply the hand-spikes in manoeu- 

'ing the carriage. 

VK, What is the object of the traveling trunnion- 
's^ 

For the purpose of distributing the load more 
lally over the carriage. 
IS, Mention the parts composing the limber. 
Phe fork, the splinter-bar, the hounds, the sweep- 
•, the tongue, the pintle, the lashing-chain, the 
e-tree (iron). The sweep-bar is of iron, and on 
•ests the trail, which by its weight keeps up the 
gue, 

59. Why is it unnecessary for siege-carriages to 
« the same degree of mobility and flexibility as 
i-carriages ? 

because siege-carriages are, properly speaking, 
nsportation wagons for use on roads, and never 
3nded for manoeuvring with troops. 
M). How many horses does the transportation of 
je-guns require ? 

1 24-pdr. requires ten horses (five drivers) ; a 
or IB-pdr., eight horses (four drivers). 
M . What are stationary (jfwn-carrxttge% u%ed. jw \ 
fb fire the piece from, and not \.o X^x^w^^o^"^ 
)pt for short distances. 

12 
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32. For what service are these carriages usedf 
For garrison and sea-coast pieces ; although tlie 

siege-gun-carriages just described may also be used 
in a fortification or garrison. Mortar-beds, to be 
described hereafter, are used either for si^ or 
garrison service. 

33. WTiat are the chief requisites for garrisim 
and searC(Hist carriages ? 

Strength, durability, and facility in serving the 
guns, as they are intended only for the works of » 
place, coast-batteries, and situations where thef 
are permanently fixed. 

34. Why should these carriages he required to 
possess great strength and durability ? 

Unless made strong they would soon be shaken 
by the continued and rapid fire which the defiaise 
of a work may demand ; and from their constmt 
exposure to the weather they would soon decay 
if made of a very perishable material. 

35. Is the weight of garrison carriages a tnatUf 
of great importance ? 

It is of less importance in this class of carriaget 
than in any other, as they are seldom removed 
from their situations : their weight adds but little 
to the labor of running them up. 

36. Mention the different stationary carriage* 
The carriage from which a mortar is fired, called 

its bed ; the barbette-carriage ; the columbiad-(»^ 
riage ; the casemate-carriage ; and that for the 
24-pdr. iron howitzer, called the flank casemate- 
carriage. 

37. How many kinds of siege-mortar beds have 
we? 

Four; the 8-in., 10-m., \\ie s\.Qi\v&^ \?cift Q.oehonL 
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38. Which of these are alike ? 

The first three, differing only in dimensions. 
They are made of cast-iron, which has very little 
elasticity. 

39. Describe these beds. 

They consist of two cheeks, joined by two tran- 
ioms, all cast together in the same piece. The 
nuttioBuvring bolts, placed on each side, one near 
«ioh end of the cheeks, are made of wrought iron, 
tod set in the mould when the bed is cast. 

On the front transom is fastened a wooden bolster, 
grooved to receive the elevating quoin. Notches, 
on the underside of the front and rear of the cheeks, 
give hold to the handspikes in throwing the carriage 
to the right or left. 

40. Describe the coehorn mortar-bed. 

It is made a block of oak-wood, in one piece, or 
^0 pieces j oined together with bolts. A recess, for 
the trunnions and part of the breech is made in the 
top of the bed ; and the trunnions are kept in their 
places by plates of iron bolted down over them. 
Two iron handles are bolted to the bed on each 
side, by which four men can carry the bed with 
the mortar in its place. 

41. Describe the bprouvettk mortar-bed. 

It consists of a block of wood, on the top of 
which is countersunk and bolted the bed-plate, 
which is a heavy circular plate of cast-iron having a 
rectangular recess with sloping sides, so as to make 
it longest at the bottom. Into this recess the sole of 
the mortar slides. The wooden block is bolted to 
a stone block ot the same size, which is firmly 
placed in the ground on a masonry foundation. 

42. Describe the heavy sea-coabt mortax bedi* 
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The bed for the heavy ten-inch mortar is 
only one which has yet been adopted. The ch 
are of cast-iron, and somewhat similar in fon 
those in the beds of siege-mortars; but in the fi 
the cheeks turn up to receive between them the f 
transom, which has, countersunk in and bolte 
it, an elevating screw-bed, through which work 
inclined elevating screw, which rises or fells 
turning the nut, fitted on it by means of a leve: 
serted into mortises cut in the direction of 
radii of the circular nut. 

Both the transoms are made of wood, conne< 
with the cheeks by mortises and tenons, anc 
cured by bolts running through, and nuts on 
outside. One of these bolts at each end, is loi 
than the others, and the projecting ends are n 
use of as manoeuvring bolts. Directly behind 
underneath the position for the trunnions, a br< 
bed-piece is placed to receive the shock of 
piece. It consists of a large beam of bronze, ' 
each end well let in to the face of the cheek, 
use of the elevating screw instead of the quoi 
rendered necessary by the great mass of meti 
be raised or lowered in sighting the piece. 

43. What is a barbette carriage ? 

It is a carriage belonging to the class denomin 
immovable, on which a gun is mounted to fire 
a parapet; and a barbette gun is any gun mou 
on a barbette-carriage. 

44. How many forms of the harhette-carriagi 
in use in the service ? 

Two : one for iron guns and sea-coast howii 
n2, 18, 24, 32, 42-pdrs., and ft md lO-in.) ; and 
Ar the coluinbiads. 
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45. Of how many parts are barbette-iXLrriaffes 
yomposedf 

Of a gunr^arriage and a chassis, 

46. Describe the gun-carriage. 

It is formed of two upright pieces of timber, 
nearly vertical, behind which are placed two in- 
clined braces, mortised into the uprights, and de- 
signed to receive the force of the recoil, the whole 
forming the cheeks, which are firmly connected and 
braced by transoms and assembling bolts, thus 
forming a triangular framework, which is less 
liable than any other form to become deformed 
from the shocks of the gun. A horizontal piece 
(the transom and axle-tie) runs from front to rear 
between the cheeks, connecting the axle-body and 
rear transom. The trunnion-bed is at the top of 
the upright, where it is joined to the brace ; and 
the breech of the gun is supported on an elevating 
Bcrew, working into a screw-box placed in the rear 
end of the transom and axle-tie. The front tran- 
som is just under the gun ; the middle transom is 
between the braces ; and the rear transom is at the 
lower end of the braces, and under the •transom 
and axle-tie, into which it is notched ; the lower 
part of this transom is notched to receive the 
tongue of the chassis on which it slides. Between 
this transom and the transom and axle-tie, the end 
of a lunette is placed projecting to the rear, and 
fastened by a bolt -for the purpose of attaching a 
limber to the carriage. 

The feet of the uprights and front end of the 
transom and axle-tie are joined to an axle-body, in 
which an iron axle is placed. Oiv tVv^ <bw^ oC l\ssi. 
axJe are Attod cast-iron rollers, Yr\i\da. x^'sX* q^l ^^ 

12* 
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rails of the chassis, and support the front of the 
carriage. On the outside of the roller is placed as 
octagonal projection, on which the cast-iron luiTe 
of the wheel fits, secured by a washer and linob* 
pin. The spokes of the wheels are wood, inclosed 
within heavy iron tires. Manoeuvering bolts are it 
serted in front of the feet of the uprights, and in 
the carriages, for pieces heavier than a 24-pdr., in 
rear of these feet also. These bolts and the spokee 
of the wheels form the points of application for tiie 
handspikes, in manoeuvering the piece. MancBit 
vering staples are placed in front of the feet of the 
braces, for the purpose of using handspikes to nuM 
the rear of the carriage from the tongue of the 
chassis in running to and from battery. 

47. What pieces go on the same carriage f 

The 32-pound gun, and 8-inch howitzer. All 
other pieces have separate carriages. 

48. How many sizes of rollers are usedf 

Two : one for the carriages of the 12, 18, am 
24-pounders ; the other for the remaining carriages 

49. Are tap-squares used with these carriages t 
No. • 

50. What other purposes do the wheels subserv 
besides assisting in manoeuvring the gun-carriage f 

In transporting the piece on its carriage fo 
short distances, as from one front of a fort to ai 
other. 

51. Describe the chassis. 

It consists of two rails and a tongue, joined b 

three transoms. The tongue is in the middle, an 

projects considerably beyond the rails, to the rea: 

At each end of the rails on top^ a hard piece < 

wood 28 notched in, and \>6\\.e^. TVi«^ ^-t^ «?Jis 
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s and oounter-liurters, and their use is to 
it the gun carriage from running off the 
I. Rail-plates of iron to protect the wooden 
re let in to the outside of the rails. At the 
nd of the tongue, a swinging prop is placed to 
rt the end of the tongue when the piece is 
ick. The lower side of the end of the tongue 
jhed out, and a manoeuvring loop fixed there, 
. bolt and screws, to assist in handling the 
3. On the under side of each rail, opposite 
ar transom, a mortise is formed, for the re- 
n of a socket of iron which receives the 
? of the traverse-wheel fork. Each of these 
receives a traverse-wheel, joined to it by an 
olt, and these support the rear end of the 
3. The front end is supported on a pintle- 
of iron ; through which, and up into the 
B of the front transom, passes a pintle or 
vhich serves as a pivot around which the 
system moves. 

In permanent batteries, how are the pintle and 
86 circle fixed? 

) pintle is fixed in a block of stone, and the 
se circle is an iron plate set also in stone. 
In temporary batteries^ how is the pintle at- 
J 

a wooden bolster which is covered by a cir- 
cast-iron plate, and attached by bolts to a 
;n cross picketed firmly into the ground. 
How may a temporary traverse circle be 

plank, pinned to sleepers, and fastened to 
s, or secured to string-piecca, 'w\v\q5dl tQv\\sRfc\» 
I verse circle with the pmtlc-cro^^. 
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55. What retains the traverse-wheels and i 
forks in their places f 

The weight of the carriage and gun, and the £ 
of the socket and handle of the fork. 

56. Where are the handspikes applied in tra\ 
ing the carriage? 

To the pivot-bolts of the traverse-wheels, wl 
project to the rear ; or under the traverse whc 

57. Why does the chassis slope towards the fri 
In order to diminish the recoil, and aid in : 

ning the piece into battery. 

58. Describe the columbiad gun-carriage. 

It is a triangular frame-work, consisting on < 
side of an upright, a horizontal rail or tie, ai 
brace, firmly mortised and bolted together, fc 
ing the cheeks, which are joined by a transoi 
each end. These project below the lower surf 
of the ties, and fit in between the rails of the c 
sis, serving, like the flanges on the rollers in 
other barbette-carriages, to prevent the gun 
riage from slipping sideways off the chassis. 

Through the front transom, and near the f 
ends of the ties, an iron axle-tree is passed, wor 
in iron boxes fitting in the ties. On the projec 
ends of this axle-tree the rollers or manoeuv 
wheels are fixed (the axes of which are ecce^ 
with the axis of the axle-tree) the extreme < 
of the axle, being octagonal in shape, to fit 
wrench of the iron handspike. 

These eccentrics are so arranged that wher 

centres of the wheels are at their lowest points, 

surfaces of the wheels bear on the rails of the < 

-sis and raise the gun-carriage tie from it; 

when the centres are at lYie \Cv^Qi%\. ^waXa^^^^ 

fdoea of tie wheels do not. toxiciYL \)cv^ t^^'s., va 
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ties are in contact with them.* A similar arrange- 
ment is made for the rear part of the carriage, ex- 
cept that the axle does not extend all the way 
through, but the wheel on each side has a project- 
ing piece of axle which works into a box placed 
near the end of the tie. 

The wheel is thrown into or out of gear, that is, 
made to bear on the rail of the chassis or relieved 
from it, by turning the axle with a wrench placed 
on the octagonal end. In the direction of the radii 
of the wheels, but inclined outwards, mortises are 

£ laced for the reception of the end of the iron 
andspikes, by acting on which while inserted the 
wheels are turned, and the carriage moved back 
and forth on the chassis. Ordinarily, when the 
wheels are thrown into gear, the carriage being 
back, it will run into battery of itself. 

The elevating arrangement consist of an eleva- 
ting-screw, working into a screw-bed, which slides 
in a vertical box, and carries on the top of it a 
movable pawl to fit into the notches cut in the 
breech of the gun, in order to give considerable 
elevations. For the purpose of transferring the 
pawl from one notch to the next, it has a slit in it, 
through which the elevating bar is passed, and the 
gun supported by making use of the edge of the 
elevating-box as a fulcrum. This arrangement is 
over the rear transom. 

59. Describe the chassis of the columbiad car- 
riage, 

* A couple of notches or indentations are made on the 
ends of the eccentric axles. When these notches arc in a 
Tertical lino, the wheels rest on the railn; \iw\.'^V«v\.*Ocvss^ 
Mre in a horizontal or Inclined line, tbe tVe^ t^\i ^^ iVni.'xtv.. 
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It consists, like those used with other h 
carriages, of two rails connected by thre 
sops ; but the tops of the rails are shod wi 
plates, and the rear hurters are the large h 
heavy bolts which pass entirely through th 
The front hurters are fixed to the front ti 
by a heavy plate and bolt. 

Traverse-wheels are placed under both frc 
rear transoms, and the chassis moves on a 
passing through the middle transom. 1 
these wheels are placed under each end 
chassis, their axes being kept in place by 
bolted to the transoms. Eecesses are cut 
underside of the transom, for the wheels to t 
This chassis has no tongue. 

60. 0/ how many parts are casemate ca 
composed? 

Like barbette-carriages, of a gun-carria 
chassis, 

61. Describe the gun-carriage. 

It consists of two cheeks, joined togethe] 
many transoms, and supported in front by s 
tree on truck wheels, and in rear on the rei 
som, which is notched to fit the tongue of the < 
Each cheek is formed of two pieces, one or 
the other, and connected by dowels and 
On the underside, near the front, a notch is 
the reception of the axle-tree, which is of oa 
nearly over the axle, on the upper side of the 
the trunnion-bed is placed. The rear of the 
piece of the cheek is cut into steps, which 
better hold for the assembling-bolts, than 
form slope, and give purchases for the banc 
in elevating the piece, Oiv\)[i^ iiksJA^ ' 
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jeek, just in rear of the axle, a vertical guide is 
»d to keep the carriage on the chassis. It is of 
ood and bolted to the front transom and axle- 
ee. The top of the front transom is " hollowed 
ity to admit uie depression of the piece. Behind 
B rear transom and at the notch cut in it, there is 
L eccentric roller, so arranged as to bear the 
eight of the rear part of the carriage, or not, ac- 
^rding as it is thrown in or out of gear. 
Near the rear end of each cheek, and outside, a 
savy trail-handle of iron is placed, and used in 
ancBUvring the piece. On the ends of the axle 
ack-wheels are placed, with mortises sloping out- 
ards in the direction of the radii, for the insertion 
' the handspikes in running from battery. 
The elevating apparatus consists of a cast-iron 
»d-plate, secured to the rear transom ; an eleva- 
igHScrew and brass nut ; the nut being acted on 
r an oblique-toothed wheel, turned by a handle 
aced outside the right cheek. 
62. Describe the chassis. 

It consists of two rails and a tongue, joined by 
'O transoms, and supported on traverse-wheels 
front and rear. The track on each rail is curved 
I at each end, and provided with hurters to pre- 
nt the carriage from running off the chassis. A 
op fastened under the rear end of the tongue 
events the chassis from upsetting backwards in 
ing heavy charges, and may be used as a point 
support in raising the chassis. An iron fork is 
Jted to the under side of the front end of the 
ngue, to which is bolted an iron tongue. An 
»cning in the masonry below t\vo ercOSt^w«^^\^ 
t for this tongue, and it is sec\XT<i(V va \\» ^'a^ifc 
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by dropping the pintle from the embrasure d< 
througn the eye of the tongue. 

63. Where is the flank cassmatb carriage 
ployed? ' 

It is especially adapted to the moimting of 
24-pdr. iron howitzer in the flanks of casen 
batteries, for defending the ditch; and both 
gun-carriage and chassis are narrower and ligi 
than the other casemate carriages. 

64. Describe the gun^arriage. 

The cheeks are made of white oak, and connei 
by two iron transoms, the front one projecting 
low the cheeks, and resting on the chassis wi 
projection on the bottom of it, fitting in bet^ 
the rails. The bottom of the trail has the s 
slope as the upper surface of the chassis on w 
it rests ; so that when its eccentric-roller is o\ 
gear, the rear parts of the cheeks fit the rails, 
remaining portion of the bottom of the cheek m 
an angle with the rail, and has in front a fork, 
a roller which runs on the rail of the chassis \ 
the eccentric is in gear. Each cheek has on 
side a trail-handle and a manoeuvring-ring. 
rear of the rear transom is placed an eccei 
roller, having a projection in the middle of it, 
large enough to fit in between the rails of 
chassis, and guide the trail of the carriage. "V 
this roller is in gear, the weight of the trail 
upon it J while that of the front part of the car 
is thrown upon the front rollers, and the pi( 
then easily run in and out of battery ; bu 
roller being out of gear, as when the piece is i 
to he iired, the weight rests \r^oti the rear pi 
the cheeks and the front trarvaoixv, wx^ ^vi\ 
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wrought into play to diminish the recoU. Cap- 
tquares are used with this carriage. 
65. Describe the chassis. 

It consists simply of two rails 3 in. apart, and 
joined by four transoms and assembling-bolts. 
Hurters on the rear ends of the rails only are 
used, as the bottom projection of the front tran- 
som prevents the carriage running too far into 
battery. The front end of the chassis rests on the 
sole of the embrasure. The end is provided with 
a pintle-plate and a strap of half-in. iron through 
vbich the pintle passes to the masonry beneath. 
Ike rear of the chassis is supported by an iron 
pop, the lower end of which is attached to two 
tefcverse-wheels. 

66. What kind of carriages have been recom- 
M^ukdfor use in garrisons, instead of wooden ones ? 

Wrought-iron carriages, for all except the flank 
viiBemate ; all made in a similar manner, differing 
only in weight and dimensions. 

67. What is the objection to cast iron ? 

Its weight, and its great liability to splinter 

irhen struck by shot. 

.. 68. Of how many parts is this wrought-iron, car- 

riage composed ? 

. Like the wooden ones, of a gun-carriage and 
.iflbassis. 

" 69. Describe the gun-carriage, 
■I- : It consists of two cheeks of thick sheet-iron, each 
HUB of which is strengthened by three flanged iron- 
ijlates bolted to the cheeks. Along the bottom of 
iHPloh cheek, an iron shoe is fixed with the end bent 
Mpwards. 

.. In front, this hent end is bolted to \\v^ ^^^%^ ^"^ 

13 
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tho front strengthening plate. In rear the ben 
portion is longer, and terminated at top by anotiie 
bend, which serves as a point of application for i 
lever on a wheel, when running to and from bit 
tcry. The trunnion-plates fit over the top enda oi 
the strengthening plates, which meet around the 
bed, and are fastened to the flanges of the latter 
by movable bolts and nuts. 

The cheeks are joined together by transoms made 
of bar-iron. They are parallel to each other, and 
in order that the base ring on the gun may not in- 
terfere with giving it the full elevation by striking 
against them, it is proposed to dispense with the 
base ring in sea-coast and garrison pieces, and to 
retain the preponderance by reducing the swell 
of the muzzle. 

The front of the carriage is mounted on an aide- 
tree, with truck wheels similar to the wooden case- 
mate carriages. 

70. Describe the chassis. 

It consists of two rails of wrought iron, the cross 
section of each being in form of a T, the flat sur 
face on top being for the reception of the shoe-rail 
of the gun carriage. The rails are parallel to cad 
other, and connected by iron transoms and braces 
The chassis is supported on traverse wheels. 

A prop is placed under the middle transom o 
the chassis, to provide against sagging; 

71. What carriage is used for conveying ammu 
nition for afield battery f 

The CAISSON. 

72. Describe it, 

A ibur-wheel carnage, coxmstlw^ of two parts 
one of which is a limber aiimV^'c Xci ^OwiX. «3fL '^ 
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gun carriage, and connected in a similar way by a 
wooden stock and lunette. 

On the axle-body of the rear part, and parallel 
to the stock, are placed three rails upon which are 
&atened two ammunition boxes, one behind the 
odier, and similar to the one on the limber; so 
that the caisson has three ammunition boxes which 
will seat nine cannoneers. The interior compart- 
ments of the ammunition boxes vary according 
to the nature of the ammunition with which they 
are loaded. In rear of the last box is placed a 
spare wheel, axle of iron, with a chain and toggle 
at the end of it. On the rear end of the middle 
rail is placed a carriage hook, similar to a pintle 
hook, to which the lunette of a gun carriage whose 
limber has become disabled, may be attached, and 
the ffun carried off the field. 

The caisson has the same turning capacity and 
mobility as the gun carriage, so that it can follow 
the piece in all its manoeuvres, if necessary. It 
also carries a spare wheel, spare pole, &c. 

73. What provision is made for repairing the 
carriages of a field battery when required^ 

Every field battery is provided with a forge. 

74. Describe this wagon. 

It consists, besides the limber, of a frame work 
on which is fixed the bellows, fire-place, &c. Be- 
hind the bellows is placed a coal-box, which has to 
bo removed before the bellows can be put in posi- 
tion. In the limber l)ox are placed the smith's 
tools, horse-shoes, nails, and spare parts (iron) of 
carriages, harness, &c. 

76. Describe the battery waoo«. 

It consists, besides the limber, ot a^Xoxvi^^c^^x^^ 
art with a round top, which ia coivTvee\fe^N<\\Xv'^ 
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limber in the same way as all other field carriages. 
The lid opens on hinges placed at the side ; ana in 
rear is fixed a movable forage rack for carrying 
long forage. One of these wagons accompanies' 
each field-battery, for the purpose of transporting 
carriage-maker's and saddler's tools, spare parts of 
carriages, harness and equipments, and rough ma- 
terials for replacing different parts. 

Both this and the forge are made of equal motil- 
ity with the other field carriages, in order to accom- 
pany them wherever they may be required to go. 

76. How many kinds of wheels are employed for 
field carriages ? 

Two : No. 1 for the 6-pdr. gun carriage, the 
caisson, the forge, the battery-wagon, and for the 
limbers of all field carriages. No. 2 for the 24- 
pdr. howitzer and the 12-pdr. gun carriages. 

77. In what respects are these wheels similar f 
They are of the same form and height, and they 

fit on the same axle-tree arm. The height is 57 
inches, and each wheel is composed of 14 spokes 
and 7 fellies. 

78. How do they differ ? 

In the dimensions of their parts, and in strength 
and weight. 

79. What is the weight of these wheels ? 
No. 1, 180 lbs.. No. 2, 196 lbs. 

80. What are the weight and height of a wheel 
of siege-gun carriages and limbers ? 

Weight 404 lbs., and height 60 inches. 

81. What is the portable forge designed for? 
Service in a mountainous country, where wheeled 

vehicles cannot travel, for the purpose of making 
repairs, not only for tlaci axWWer^ Wl for all other 
arms of service taken on sucVi e5cg^\\AftTia. 
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82. JVhat is the mortar wagon designed for ? 
The transportation of siege mortars and their 

beds, or of guns or large shot and shells. 

83. Describe this wagon. 

The limber and wheels are the same as those of 
the siege-gun carriage. The body consists of a 
platform of rails and transoms, resting on an axle- 
tree, the two middle rails being prolonged to form 
the stock ; six stakes or standards are inserted in 
sockets on the side of this platform and used to 
secure the load. 

The side-rails are prolonged to the rear, and fur- 
nish pivots for a roller placed immediately in rear 
of the platform. This roller has holes for the in- 
sertion of hand-spikes, and is used in loading the 
wagon; the guns, mortars, &c., being drawn up 
on the stock. 

A muzzle bolster on the stock near the limber, 
and a breech-hurtcr near the hind part of the wagon, 
are provided and used when long ordnance is trans- 
ported on it. 

Mortars are usually carried mounted on their 
beds. 

84. What is the use of the hand-cart ? 

For the transportation of light stores in siege 
and garrison service. 

85. Describe it. 

It consists of a light body with shafts, mounted 
on two wheels. The shafts are joined together at 
the ends, and supported immediately in front of the 
body by iron legs. 

86. Wliat is the use of the hand sling-cart ? 

It is used in siege and garrison aetN\c^ ^vst \x^xar 
porting artillery short distances. 
67. J)e8cribe it. 
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It is a two-wheeled carriage made en 
iron, except the pole, which is of oak. 1 
tree is arched to make it stronger, and c< 
with the pole by strong wrought iron st: 
braces. In the rear of the axle a proj< 
welded to receive the end of a strong hoc 
end of the pole terminates in a ferule 
eye. The eye is for the purpose of attf 
the cart when necessary, a limber or a hoi 

88. How great weights can be transporte 
cart? 

It should not be used with heavier weig 
about 4000 lbs., but in case of necessity 
32-pd. gun may be transported on it. Foi 
guns or material, the large sling-cart d: 
horses or oxen should be used. 

89. Wliat is the field and siege gin 
use ? 

It consists, like all gins, of two legs an< 
pole, a windlass, sheaves, pulleys, and a 
rope, and is used for mounting or handli: 
or other heavy bodies, in the field or in 
ches of a siege. The legs are about 14^ : 
and the height of the gin about 12 feet. 

90. How does the garrison gin dij^er 
field and siege gin ? 

It is heavier and stronger, as it is 
mounting heavier guns, and has not to 
ported like the other with an army in t 
The legs are longer and the gin higher 
other. 

91. Describe the casemate gin. 

It does not differ from the garrison gi 

in its height (which is aViout \)tia.\, <i^ \Jtv^ 

siege gin) and the thickivesa m^ ^\?c«^^ 
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PAET xni. 



PRACTICAL GUNNERY. 

1. How may the velocity of a shot or shell he as- 
attained ? 
Approximately by the empirical formula, 



= 1600a/— 
V w. 



Where F= initial velocity. 

a=a coefficient, whose value depends on 
the windage. 

c=charffe ) . ,, 

• V.4. 4? \. ^^ f in lbs. 
Mr = weight of ball j 

The values of a are : 

windage. Values of a 

0.175 3.6 

0.125 4.4 

0.090 5.0 

2. Does a shot or shell continue at the same uni- 
form, velocity during its flight? 

The velocity decreases as the distance increases, 
in a proportion a little higher than the squares of 
the velocities throughout. 

3. What causes a decrease in the velocity of a 
shot f • 

The resistance of the air, wVv\e\v Nm^-a ^'^ NJw^ 
square of the velocity of the sYiot. 
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4. With balls of different diameters^ and eq 
velocities, to what is the resistance of the airprq 
tional f 

Their surfaces, or the squares of their diametK 

5. Would the velocity of the shot be increased 
lengthening the gun f 

Only up to a certain point ; in a proport 
which is nearly the mean ratio between the sqj 
and cube roots of the length of the bore. I 
found that the velocity given by long guns is 
duced to an equality with that of short guns wii 
a short distance froiji the muzzle when fired > 
similar charges. 

6. Would the velocity of a shot be increase 
entirely preventing the recoil, or by adding gre 
to the weight of the gun f 

In neither case would any sensible effect be 
duced on the velocity. 

7. Would the velocity of the shot be increasei 
using a larger charge of powder ? 

Only to a certain point, peculiar to each g 
by further increasing the charge the velocity w« 
be gradually diminished ; yet the recoil is alv 
increased by an increase of charge. 

8. What is the ratio of the velocities of shot, t 
of different weights, but fired with similar char 

The velocities are inversely as the square r 
of their weights. 

9. What is the ratio of the velocities of ski 
equal weights when fired with different chargi 
powder ? 

The velocities are directly as the square roo 
the charges. 
10, How may the Dclocil'y be ^ucxea^ed mt 
au(^menting the charge of pov)der ? 
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By decreasing the windage ; the loss of velocity 
^ a given windage being directly as the windage. 
From ^ to y^ is lost by a windage of -^ diameter. 

11. WhxLt is meant by the time of flight of a shot 
cr shell f 

The time during which it is passing through the 
air from the piece to the first graze. 

12. When firing with common shells at 45° ele- 
tation, how is the time of flight found ^ 

Extract the square root of the range in feet and 
divide by 4, or divide the range in feet by 16 and 
extract the square root of this quotient. 

KoTK. Range in {eet=^fft^ x cotangent elevation. 

= 16^^ X cotangent elevation. 
= 16^ where the elevation is 45°. 

Or t=\VTaiige in feet for elevation 46**. 

13. Having the time of flight, how is the range 
mertained ? 

Multiply the square of the time of flight by 16 
'or the range mfeet (the elevation being 45°). 

14. What is meant by the penetration of projeo- 
Uesf 

The depth to which they are forced when fired 
ato any resisting medium. 

15. What depth do shot penetrate ? 

The penetration of balls of the same size, with 
iifierent velocities or charges, is nearly as the 
quares of the velocities ; where the balls are of 
ifierent sizes the penetration will be proportionate 
their diameters multiplied by the density, and 
iversely as the tenacity of the medium. 

16. Mention the depth of penetration in case of 
he 2^pdr, siege gun. 

At J 00 jrards a 24-pdr. ball VitYi a ^wc^<^ ^^'l 
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one-third of its weight will penetrate as follows: 

Feet Imaxa. 

In earth of old parapets, ... 86 

" " recently thrown up, . . 15 
" Oak wood, sound and hard, . . 4 6 

" Rubble stone masonry, . . . 1 10 

" Brick 3 

17. WTiat is the depth of penetration of fidd 
pieces ? 

Fired at the distance of 500 or 600 yards, the 
penetration will be from 4^ to 6 feet in paraph 
recently constructed, and will traverse walls of 
ordinary construction ; but a 12-pounder is neces- 
sary to make a breach in walls of good masonry 
and of 4 feet in thickness, and in this case the 
position of the battery must be favorable, and the 
operation a slow one. 

18. In attacking a post, or fortified position, in 
what manner should the fire from artillery be carried 
on? 

Previous to an assault, the artillery ought to 
support the other troops by a combined fire of 
guns, howitzers, and small mortars, so that, if pos- 
sible, the fire may be simultaneous, as such a 
diversity of projectiles would tend to distract the 
defenders and prevent them from extinguishing 
any fire among buildings, besides throwing them 
into confusion at the moment of assault. In cases 
of surprise, when immediate action is required, 
the above method cannot, of course, be practicable. 

19. When firing guns of different calibres at long 
ranges, what are the probabilities of hitting the ob- 
ject ? 

As the squares of the diameters of their respec- 
tive shot, when of ec^ual deivs\t>j , «aA ^vc^ ^^ 
proportional charges. 
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PART XIV. 



MISCELLANEOUS. 

lat is the velocity of sound in the air ? 
temperature of 33° the mean velocity of 
1 100 feet in a second. It is increased or 
id half a foot for each degree of tempera- 
re or below 33°. 

can the distance of an object he ascertained 
9ort of fire-arms f 

jerving the number of seconds that elapse 
the flash and the report of a gun, and mul- 
ihe number by the velocity of sound in the 

<at is momentum ? 

pce possessed by a body in motion ; and 

•ed by the product of the mass of the body 

elocity. 

.en equal masses are in motion^ what pro- 

their momenta bear to their velocities ? 

ire proportional to their velocities. 

£n velocities are equal, what proportion do 

lenta bear to their masses ? 

,re proportional to their masses. 

at proportion do the momsnta hear to each 

\en neither the masses nor velocities are 

ire to each other as the products of their 
ito their velocities respectWeV^ . 
al is the average weight of a horw? 
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About 1000 pounds. 

8. Wliat space does a horse occupy in ike 
in a stall ; and at a picket ? 

In the ranks a front of 40 in., a depth of 
in a stall, from 3^ to 4^ feet front ; at pick 
by 9. 

9. What are the comparative effects of t 
of a many and that of a horse or mule ? 

Taking the useful effect of a man's daily 
unity, a horse can carry a load on a ho 
plane, 4.8 to 6.1 times; and a mule, 7.' 
greater than a man. Taking a man with \ 
})arrow as unity, a horse in a four-wheel wa 
draw 17.5, and in a cart 24.3 ; and a m 
cart, 23.3 times greater burden. 

10. What weight is an artillery horse req 
draw? 

Not more than 700 lbs., the weight of 
riage included. 

1 1 . What weight can a team of four h 
more, draw with useful effect ? 

Including the weight of carriage, 4 Ro: 
draw 24 cwt., or 6 each ; 6 horses, 30 cwt., 
8 horses, 36 cwt., 4J each ; and 12 horses, 
or 4 each. It is usual to estimate the weij 
carriage exceeding 12 cwt. as part of the lo 

12. What weights are carried by the ridi% 
and draught horses respectively ? 

A horse carrying a soldier and his equi 
(say 225 lbs.) travels 25 miles in a day (8 
a pack-horse can carry 250 to 300 lbs., 20 
day ; and a draught-horse, 1600 lbs. 23 
day, weight of carriage included. 
13, What are the usual paces /or Ixqts 
ar/zl/ery ? 
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Walk, trot and gallop ; the last is seldom neees- 
■ry. 

14. What is considered an ordinary day's march 
finr field artillery J and rate of motion ? 

An ordinary march is about 15 miles at 2^ miles 
Mr hour for 6 hours ; this must depend upon the 
xmdition of the horses, state of the roads, and 
vrious other circumstances. Horses starting fresh, 
ind resting after their work, may, on tolerable 
oads, perform 2 miles in half an hour ; 4 miles in 
.\ hours ; 8 in 4, and 16 in 10 hours. 

15. What is ihe raie of march of horse artillery 
md cavalry ? 

Walk, 3f miles per hour, or 1 mile in 16 min- 
[tes ; trot, 7^ per hour, or one mile in 8 minutes ; 
QAnoeuvring ^llop, at the rate of 11 miles per 
lOur, or 1 mile in 3 minutes ; cavalry charge, 24 
oiles an hour, or at the rate of 1 mile in 2^ min- 
ites. 

16. At what rate does infantry march ? 

In common time, 90 steps =70 yards in 1 min- 
Lte, or 2 miles 680 yards in an hour ; in quick 
ime, 110 steps =86 yards in one minute, or 2 
niles 1613 yards in an hour; in double quick, 
.40 8teps=109 yards in 1 minute, or 3 miles 
.253 yards in an hour. 

17. What space does a foot soldier occupy in the 
xmksj and what is his average weight ? 

A front of 20 in., and a depth of 13 in., without 
he knapsack ; the interval between the ranks is 13 
Q. ; 5 men can stand in a space of 1 square yard, 
^.▼erage weight of men, 150 lbs. each. 

14 
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18. What is the daily alhteance of water for a 
man? 

One gallon, for all purposes. 

19. What is it for a horse ? 
Four gallons. 

20. What is the weight of a bushel of oats; or 
of wheat; and the weight of hay? 

40 lbs., or 32.14 lbs. to the cubic foot, in case of 
oats ; 60 lbs. to the bushel, or 48.21 lbs. to the 
cubic foot, in case of wheat ; hay pressed in bundles, 
weighs 11 lbs. per cubic foot. 

21. What weight does an infantry soldier earry 
when in marching order ? 

About 45 lbs in all. His knapsack when packed 
weighs 24 lbs. ; canteen when filled, and one day's 
provisions in haversack, 5 lbs.; rifle, musket, 
sling, and bayonet, 10^ lbs; belts complete, in- 
cluding 20 rounds of ammunition, 6 lbs. 

22. How is the area of a circle found? 
Square the diameter, and multiply by .7854 

for the area ; or square the circumference, and 
multiply by .07958 for the same result. 

23. ITow is the content of a conical frustum 
found? 

Add into one sum, the areas of the two ends 
and the mean proportional between them; take 
one-third of that sum for the mean area, and multi- 
ply it by the perpendicular height of the frustum, 
for its content. 

24. Mow is the mean proportional found for the 
above? 

By multiplying the areas of. the two ends to- 
gether and extracting the square-root of their pro- 
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duct. A more simple rule is the following: As 
the diameter of the large end is to that of the 
small end, so is area of base to mean proportional 
required. 

25. How is the content of a spherical segment 
founds 

From three times the diameter of the sphere, 
take double the height of the segment, then multi- 
ply the remainder by the square of the height, 
and this product by .5236 ; or, to three times the 
square of the radius of the segment's base, add the 
square of its height, then multiply the sum by the 
height, and this product by .5236, for the content. 

26. Sow is the capacity or content of a Gamer 
chamber computed / 

This chamber being the frustum of a cone with 
a hemispherical bottom, its capacity will be found 
by applying the foregoing rules, viz : first find the 
content of the frustum, then that of the spherical 
segment or bottom, and add their contents into 
one sum for the capacity. 

27. How is the content of a rectangular box as- 
certained f • 

Multiply the length by the breadth, and this 
product by the depth. 

28. How is the capacity of a cylinder calculated ? 
Multiply the area of the base by the height. 

29. How is the content of a barrel found? 
Multiply half the sum of the areas of the two 

interior circles, taken at the head and bung, by the 
interior length ; or, to the area of the head, add 
twice the area at the bung, multiply that sum by 
the length, and take one-third of the product for 
the content. 
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30. What is meant by the term, enfilade? 
Sweeping the whole extent of a work, line of 

troops, de^ of a ship, &c., with shot or shells. 

31 . What does defilade mean f 
The art of disposing guns, troops, or works in 

such a manner, that they shall be protected from a 
plunging-fire from adjoining heights. 

32. What are the dimensions required fcf an 
earthen parapet to resist the fire of field or siege 
guns? 

6 feet for 6-pdrs. ; 14 feet for 12-pdrs. ; 18 feet 
for 24 or 18-pdrs. : four feet of oak or brick will 
resist cannon shot. 

38. What thickness of ice will admit the passage 
of infantry, cavalry, arid artillery f 

Ice 3 inches thick, will bear infantry marching in 
file ; from 4^ to 6 J inches, cavalry and light ar- % 
tillery ; and beyond that th6 heaviest gun carriages 
may pass in safety. Ice 8 inches thick will bear 
nearly 10 cwt. upon a square foot without danger. 

^4. How is the size of a rope designated f 

By its circumference : thus, a two-inch rope is a 
rope two inches in circumference. 

35. How is the strength of a hemp rope, or the 
weight it will support, ascertained ? 

Square the circumference in inches, and divide 
by 5, for the weight in tons, that it will bear sus- 
pended from it. 

36. How can the breadth of a river be ascertained 
without instruments ? 

As follows : 
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Ist. The line AB (the distance to be determined) 
\ extended upon the bank to i>, from which point, 
fter having marked it, lay off equal distances DC 
lid Cd ; produce BOto b, making Cb=CB; then 
Ktend the line db until it intersects the prolonga- 
on of the line OA at a. The distance ab is equal 
) AB or the width of the river. 

2d. Lay off any convenient distance, BC, per- 
endicular to AB, erect a perpendicular DC to 
I C, note the point D where it intersects AB pro- 

BC" 
uced; measure BD ; then AB=^j:.* 

37. Sow can the breadth of a river be ascertained 
y the means of the peak of a cap, or cocked hat ? 
Place yourself at the edge of on^ bank, wn.^ 

*Tbe 2d method was suggested \^ \SA \i^ C^b^'viw:^ 
7gde8, let Artillery, U. S. Army. 

14* 
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lower tlio peak of the cap, or j 
the edge cut the other bank, 
head, by placinfj your hand ui 
turn gently around to some ie 
on your own side of the river, 
your peak or point ©r your h 
ground; measure this distance, ' • 
tho hreailth of the river. j 

38. ffowdoyouasrerlainlht , 
6y means of the tangent scale oj , 
the object at the required liieiant j 

Direct the line of metal of ti 
tho object ; then raise the ta ' 
top of it and notch on the inii 
the foot of the object, and note | 
is required; then, by Bimilar tri 1 
of the raised part, of the t^n^ . 
length of the gun, so is the h ( 
ohjuot to the distance required, ; 

39. What compotition may A 
the axle-trees of artillery earria; 

Hog's lard softened by worh 
not be procured, taliow or otl I 
used ; if hnrd, it should be mel 

40. What is the simplest vitt), 
ttrong gates ? \ 

Suspend a bag of gunpowdei 
60 lbs., near the middle of the g 
ilet, having a small piect- of i 
bottom, and well secured Wi , 
What is the length 'if "-P 
ids, half and quarter seconat 
sonds, 30.1 inches; half^ec 
;iiart&r-seooiida, %.4& 'mfi^ixA. 
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42. CHve a formula for determining the length of 
the seconds pendulum in any latitude, 

'"98696044 P^-^®^^ feet— 0.0821 cos.21at.] 

43. Sow are the times of a single oscillation of 
tvfo pendulums to each other ? 

A8 the square-roots of their lengths. 

44. Repeat the table of measures. 

10 tenths . . , ,1 inch 

4 inches . . . Ihand 

12 inches . " . . ,1 foot 

28 inches ... 1 pace 

8 feet . . . . .1 yard 

2 yards ... 1 fathom 

220 yards .... 1 furlong 
1760 yards ... 1 mile 

45. Repeat the table of avoirdupois weight. 

4'7.84'786 grains . . .1 dram 

16 drams ... 1 ounce 

16 ounces . . .1 pound 

28 pounds ... 1 quarter 

4 qrs. or 112 lbs. . . .1 cwt 

20 cwt ... 1 ton 

In some of our States the ton is estimated at 2000 lbs. 

46. What is the force of gravity ? 

It is that force of attraction exerted by the earth 
upon all particles of matter, which tends to urge 
them towards its centre. 

47. What is the specific gravity of a body ? 
The ratio of the weight of a body to that of an 

equal volume of some other body assumed as a 
standard, usually pure distilled water at a certain 
temperature. 

48. What is the law of descent of falling bodies ? 
The spaces fallen through frora thft commence- 

ment of the descent are proportionaY to \Itk!^ ^o^^ix^'s* 
of the times elapsed. 

14** 
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49. WTiat compositions are made use of for pre- 
serving iron cannon ? 

1. Black lead, pulverized . . .12 
Red lead .... 12 
litharge . . . . .6 
LampUack .... 6 
Linseed Oil . . . .66 

Boil it gently about twenty minutes, during 

which time it must be constantly stirred. 

2. Umber, groand . . . 8.76 
Gum Shdlac, pulverized . . 8.75 
Ivory black . . " . . 8.76 
Litharge .... 8.76 
Linseed Oil . . . .78 
Spirits of turpentine . . . 7.26 

The oil must be first boiled half an hour ; the 
mixture is then boiled 24 hours, poured off from 
the sediment, and put in jugs, corked. 

8. Coal tar (of good quality) . . 2 gals. 

Spirits of turpentine . . 1 pint 

In applying lacker, the surface of the iron must 
be first cleaned with a scraper and a wire brush, if 
necessary, and the lacker applied hot, in two thin 
coats, with a paint brush. It is better to do it in 
summer. Old lacker should be removed with a 
scraper, or by scouring, and not by heating the 
guns or balls, by which the metal is injured. 

About 5 gallons of lacker are required for 100 
field-guns and 1000 shot ; about 1 quart for a sea- 
coast gun. Before the lacker is applied, every 
particle of rust is removed from the gun, and the 
vent cleared out. 

50. How many gallons does a cubic foot contain 1 
7.48 gallons. 

51. What is the weight of a gallon of distilled 
Iter ? 



HIBCELLANEOUS. 161 

At the maximum d^isity (39° .83 Fahr.), the 
barometer being at 30 inches, it weighs 8.33888 
avoirdupois pounds, or 58373 Troy grains. 

52. What are the different lengths of plummets 
for regulating the march of infantry f 

Common time . . 99 steps in a minute, Vl.Z*l inches. 
Quick time ... 110 " « " 11.6 " 
Double quick . . 140 " " " 7.18 " 

53. How is a plummet made ? 

By means of a musket ball, suspended by a silk 
string, upon which the required lengths are marked ; 
the length is measured from the point of suspension 
to the centre of the ball. 

54. JExplain how to emifark and disembark ar- 
tyUery and its stores, 

1. Divide the total quantity to be transported 
among the vessels, and place in each vessel every 
thing necessary for the service required at the mo- 
ment of disembarkation, so that there will be no 
inconvenience should other vessels be delayed. 

2. If a siege is to be undertaken, place in each 
vessel with each piece of artillery its implements, 
ammunition, and the carriages necessary to tran- 
sport the whole or a part ; the platforms, tools, 
instruments, and materials for constructing batter- 
ies ; skids, rollers, scantling, and plank. 

3. If a particular calibre of gim is necessary for 
any operation, do not place all of one kind in one 
vessel, to avoid being entirely deprived of them by 
any accident. 

4. Dismount the carriages, wagons, and limbers, 
by taking off the wheels and boxes, and, if ab- 
solutely necessary, the axle-trees. Place in the 
boxes the linch-pins, washers, &c.,m\\i VVia \i<^<^\% 
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required for putting the carriage together agaifl' 
Number each carriage, and mark each detached 
article with the number of the carriage to which it 
belongs. 

5. The contents of each box, barrel, or bundle, 
should be marked distinctly upon it. The boxes 
should be made small for the convenience of hand- 
ling, and have rope handles to lift them by. 

6. Place the heaviest articles below, beginning 
with the shot and shells (empty), then the guns, 
platforms, carriages, wagons, limbers, ammunition 
boxes, &c. ; boxes of small arms and ammunition 
in the dryest and least exposed part of the vessel. 
Articles required to be disembarked first should 
be put in last, or so placed that they can be readily 
got at. 

If the disembarkation is to be performed in front 
of the enemy, some of the field-pieces should be so 
placed that they can be disembarked immediately, 
with their carriages, implements and ammunition ; 
also the tools and n^aterials for throwing up tem- 
porary intrenchments on landing. 

7. Some vessels should be laden solely with 
such powder and ammunition as may not be re- 
quired for the immediate service of the pieces. 

8. On a smooth, sandy beach, heavy pieces, &c., 
may be landed by rolling them overboard as soon 
as the boats ground, and hauling them up with 
sling-carts. 
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RIFLE CANNON. 

A rifle is a firearm which has spiral grooves cut into the 
Burfaee of its bore, for the purpose of communicating a ro- 
tary motion to a projectile around an axis coinciding with 
the direction of its flight. . 

The object of this rotation is to increase the range of a 
projectile, by causing it to move through the air in the di- 
rection of its least resistance, and to correct the cause of 
deviation by distributing it uniformly around the line of 
flight 

Various plans have been tried to secure the safest and 
surest means of causing the projectile to follow the spiral 
grooves as it passes along the bore of a rifled piece. Those 
projectiles, which promise to be the most successful for 
heavy guns may be ranged under two heads, viz : 

Ist, Those which have flanges or projections on them to 
fit into the grooves of the gun in loading. 

The flanges are made ot softer metal than the body of 
the projectile. 

2d. Those which are constructed on an expanding prin- 
ciple. Tlie body is generally made of cast iron ; and the 
expanding portion is a band or cup of some softer metal, 
M pewter, copper , or wrought-iron^ "wbicla. wlV.^^ >Osi^\iQ>^^ ^^^ 
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the piece freely when it is loaded, but which is forced into 
the grooves by the discharge. 

The grooves are of different forms, determined by the 
angle made by the tangent line at any point with tiie cor- 
responding element of the bore. If the angles be eqnal at 
all points, the groove is said to be uniform. If they in- 
crease from the breech to the muzzle, the grooves are 
called increasing ; if the reverse, decrectsing grooveai. The 
practical method of cntting grooves consists in moving a 
rod armed with a cutter, back and forth in the bore, and 
at the same lime revolving it around its axis. If the ve- 
locities of translation and rotation be both uniform, the 
grooves will have a uniform twist ; if one of the velodtiea 
be variable, the grooves will be either increasing or de- 
creasing, depending on the relative velocities in the two 
directions. 

Twiit is the term employed by gunmakers to express the 
inclination of a grove at any point, and is measured by the 
tangent of the angle which the groove makes with the 
axis of the bore ; and this is always eqtial to the circumfer- 
ence of the bore divided by the length of a single revolution 
of the spiral measured in the direction of the axis. 

The most suitable inclination of grooves for a rifle can- 
non has not yet been determined experimentally; and 
consequently a wide diversity of twists is employed by 
different experimenters. 

The following table* presents a synopsis of the results in 
case of some rifle cannon tested at Fort Monroe, Va., in 
1859, by a Board composed of ordnance and artillery 
officers. 

♦ See Tables, pages 166, 167. 
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The following is extracted from the report of the Board. 
" The method of obtaining rifle motion in these different 
gons is of two kinds : 

" 1. Flanged projectiles entering into the grooves of the 

Ban. 

"2, Expanding projectiles, which are forced into the 
g^rooyes by the action of the charge. Althongh the flanged 
projectile^ when made with great precision, has given 
good results, as shown by the tables of firing, the extreme 
nicety in its fabrication, and the care and trouble required 
to load the gun, particularly when it becomes foul by firing, 
leems to render it not as suitable for service as the expand- 
ing projectile. 

«'* * « « * * « « 

"From the results obtained, the conclusion is inevitable 
that the era of smooth-bore field artillery has passed away, 
and that the period of the adoption of rifle cannon for siege 
and garrison service cannot be remote. The superiority 
of elongated projectiles, whether solid or hollow, with the 
rifle rotation, as regards economy of ammunition, extent 
of range, and uniformity and accuracy of effect, over the 
present system, is decided and unquestionable." 

The Abmstrong gun, of which so much has been said, 
belongs to the class of breech-loading rifle-canuon. Its 
projectile is made of cast iron, surrounded by two leaden 
rings, placed at the extremities of the cylindrical part, for 
the purpose of engaging the grooves, when it is forced 
through the bore. The great range and accuracy claimed 
for this projectile, are probably derived from its great 
length compared with its diameter ; but a gun of great 
strength would be required to project it. 
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The body Is of CMt iron uid the expanding porUon is a 
cop of wrought iron, which ia fastened to the Irady by 
ineerting it in the monld and pouring the melted 
metal aroond it. 

DeacriptioD nearly the aajne as that of Dimii^s, 
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A. 

AIR: Resistance of, 148. 

AMMUNITION : For field battery, 41 ; for siege train, 
87-8; storage, 108-4; preparation, 98-4, 100-1-2; 
weights of fi!xed, 107. 

ANOLE : Of greatest range, 66 ; of fall, 74 ; of least 
elevation for mortars, 67 ; of elevation for stone-mortars, 
67 — ^Natural angle of sight, 12 ; of guns, 26 ; of howit- 
zers, 29 ; of columbiads, 30. 

ANIMAL POWER, 152. 

ARC, elevating, 18. 

AREA of a circle, 164. 

ARMSTRONG GUN, 165. 

ARTIFICIAL LINE OF SIGHT, 63. 

ARTILLERY : Definition, 9— Method of embarking and 
disembarking, 161-2 — Carriages (see carriages} — ^Kinds 
of, 9 ; how distinguished, 9 — Proportion of, to Infantry, 
40 — Proportion of different kinds in a field train, 40 ; 
in siege train, 36 ; for mountain service, 42; for arma- 
ment of forts, 35 — How rendered unserviceable, 20-1. 

ASTRAGAL AND FILLETS : Definition, 18. 

ATTACK of a post, 150. 

AVOIRDUPOIS WEIGHT, 169. 

AXIS OF A PIECE: Definition, 12 . 

B. 

BALLS : Diameters and weights, 106-6 ; computation of 
weight and diameter, 96 ; piling, 103 ; number in a 
pile, 104-6 ; fire, 92 ; light, 92 ; smoke, 93 ; penetra- 
tion, 149-60. 

BARBETTE CARRIAGE: Kinds, 132— Parts composing, 
183 — Description, 138-4. 

BARRELS: For gunpowder, marking, 88; piling, 88; 
transportation, 89. 

BATTERY: Definition of, 11— Of fi«ld «c\.\\\«^, <iwsir 
position, 41 ; tactics, 44-6-6-7-8-^, 50— mo\«&»!a. K'tS^- 
lery, ^2— Ammunition for field baUer^, W. 
16 
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BATTERY-WAGON, 148-4. 

BEDS, mortar: Weights, 83— Trunnion beds, 129— Siege 
mortar, 1 80-1 —Coehorn, 181 — ^Epronvette, IM — Heavy 
sea-coast, 181-2. 

BASE-RING: Definition, 13. 

BASE OF THE BREECH : Definition of, 18. 

BOARD, Pointing, 68. 

BORE: Definition, 14; bottom of, 15. 

BORMANN FUZE, lia-18. 

BRASS CANNON: External injury, 28. 

BREADTH of a river ascertained, 157-8. 

BREACHING : Battery, best position for, 88 ; manner oi 
88-9 ; time required, 89. 

BREECH: Definition, 18— Sights, 16; how used, 58; con- 
struction, 17 ; pieces supplied with, 17. 

BRONZE : Objections to, for cannon, 10 ; why used for 
field pieces, 10; kinds of bronze pieces used, 11. 

BURNING gunpowder : Quickness of, 87. 

BURSTING OPEN gates, 158. 

BUSHING a piece, 20 ; metal used for, in bronze pieces, 
20; object of, 20; all new artillery not bushed, 20. 

c. 

CAISSON: Description of, 142-3; number with a field 
battery, 41. 

CAKING of powder prevented, 89. 

CALIBRE : Definition, 12 ; number in a piece ascertained, 
12. 

CANISTERS, 91: For field service, how made, 94; for 
siege and sea-coast service, how made, 95 — How piled, 
104. 

CANNON: Bore, 12 — Brass, external and internal in- 
juries, 23 — Dimensions, how regulated, 11 — For siege 
train, 36 — Iron, injuries, 24 ; preservation of, 25 ; ser- 
vice of, how judged, 24 — How marked, 21-2 — Condemned 
cannon, how marked, 22 — Proof of, 22 — Kinds, 9 — 
Length of, 27-8, 80, 83— Rifle cannon, 168-7. 

CARCASSES, 92. 

CARRIAGES: Classification, 128— Movable, 123; field 
gun, 126-6; mountain arliWex-j , \^*1 \ -^t^mcv^, 127 ; lim- 

bere, 126-9; siege gun, ua— ^\.«A»votw«^> \^^-^^\\«kv 
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bette, 132-3-4; casemate, 138-9; columbiad, 136-7; 
flank-casemate, 140 — Mortar beds, 181 — Wrought iron, 
141-2 — Number in a field battery, 41. 

CARTRIDGE-BAGS : Where filled, 89. 

CARTRIDGES : For hot shot^ 97. 

CASCABLE, 13. 

CASEMATE: Carriage, 138-9— Gin, 146. 

CHAMBER : Definition, 14 ; object of, 82 ; form for mor- 
tars, 32 : for howitzers, 28 ; for eprouvette, 32 ; gomer, 
32. 

CHARGES: Definition, 60— For breeching, 60— For double 
shot, 60 — For field guns and howitzers, 62 — For fire- 
balls, 61 — Forheavy ffuns, columbiads and howitzers, 62 
— Service charge for heavy guns, 60 — For hot shot, 60 — 
Greatest charges for mortars, 62 — For mortars, how re- 
gulated, 61 — For ricochet firing, 60 — ^For shells fired from 
columbiads and heavy guns, 108 — For field shells, 108 — 
For mortar shells, 107 — ^For spherical-case shot, 108. 

CHASE, Definition, 13. 

CHASSIS: For barbette carriage, 134-6 — ^For casemate, 
carriage, 139-40 — ^For columbiad, 138 — ^For flank-case- 
mate, 141 — ^For wrought iron carriage, 142. 

CHEEKS, 124. 

COEHORN MORTAR : Diameter, 33— Weight of bed. 33 
— ^Length of, 33 — Length of bore, 88 — Length of cham- 
ber, 33 — ^Use, 34 — Greatest charge for, 62 — Bed, descrip- 
tion of, 131. 

COLUMBIADS: Definition, 80— Windage, 82— Charge?, 
62 — Chamber, 80 — Peculiarities, 80 — Weights, 30-^ 
Length, 80 — Natural angle of sight, 80 — Gun carriage, 
186-7 ; chassis, 137-8 — Shells, charges for, 108 ; method 
of loading, 102. 

COMPOSITION, for preserving iron pieces, 160 ; applica- 
tion, 160; for axle-trees of carringes, 168. 

CONDEMNED cannon, how marked, 22 ; shot, how 
marked, 102. 

CONTENT: Of a barrel, 156; box, 166; conic frustum, 
154; gomer chamber, 156; spherical segment, 165; 
cylinder, 156. ^ 
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D. 

DAY'S MARCH: Of field artiUery, 158. 

DEFILADE: definition, 166, 

DEPTH OF PENETRATION of balls, 149-60. 

DESCENT of falling bodies: Law o^ 169. 

DIAMETER: Of coehorn mortar, 38; of eprouvette, 83; 
of stone-mortar, 88 ; of cast-iron sbot^ how found, 95 ; 
of shot, shells, and spherical case, 106 ; of Tent, 16. 

DIMENSIONS : Of cannon, how regulated, 11 ; of a para- 
pet to reMst field artillery, 156. 

DIPPING OF THE MUZZLE, 7*7-8. 

DISCHARGES: Number an iron gun can sustain, 89. 

DISH, of a wheel, 124. 

DIRECTION, how given: To guns and howitzers, 61-2 ; 
to mortars, 56-8 — ^At night, 66, 59 — ^When wheels are 
not on the same level, 54. 

DISTANCE: For firing field pieces, 46— Ascertained by 
eound, 161 — Determmed by a tangent scale, 168 — Of 
recoil, 7*7 — Of ricochet battery from object, 74. 

DISPART: Definition, 13. 

DOLPHINS: Definition, 19; pieces furnished with, 19. 

DRIVING OUT shot wedged in the bore, 21. 



K 

ELEVATION : Necessity for, 61 — How given to guns and 
howitzers, 62; to mortars, 66; instruments for, 62— 
Angle of, for mortars, 67 ; greatest angle in vacitOf 66 ; 
angle of for ricochet fire, 74. 

ELEVATING ARC, 18. 

EMBARKING Artillery and its stores, 161-2. 

ENFILADE: Definition, 166. 

ENFILADING a work, 73-4-6— Object to be fired at, 78 

EPROUVETTE, 11 ; form of chamber, 82— Calibre, 83— 
Use of, 84— Bed, 33, 181 — Length of bore, 88. 

JEXPAJV^SION of hot shot, Qft. 
EXTERNAL ipjury to cannon, "iL^-^. 
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F. . 

FACE of the piece: Definition of, 14. 

FALL : Point of, 73— Angle of, 14. 

FALLING BODIES, law of descent, 159. 

FIELD ARTILLERY: Charges for, 62— Kinds, 40— Tac- 
tics, 44-9, 50. 

FIELD BATTERY: Number of pieces, 40— Battery of 
horse artillery, 41 — Composition of, on a war establish- 
ment, 41 — Composition of mountain howitzer battery, 
42 — Ammunition, 41 — Draught horses, 42. 

FIELD GUN. how mounted, 44 — Charges for, 62. 

FIELD CARRIAGES: Kinds of, 125— Description, 125-6. 

FIELD AND SIEGE GIN, 146. 

FIELD SHELLS : Loading, 100— Charges, 108. 

FIELD-PARK, 42; quantity of supplies for, 42; car- 
riages, 43. 

FILLING: Mortar shells, 101 ; columbiad shells, Ac, 102. 

FIRE BALLS: Definition, 92— Charges, 61— How pre- 
served, 104. 

FIRING: Field pieces, 46-7-8— Rapidity of, for mortars, 
84; for field pieces, 46 — Within point blank range, rule 
for, 52 — At night with guns and howitzers, 55 ; with 
mortars, 69 — Mode of facilitating firing for any given 
distance, 54 ; use of remarkable points on the ground, 
56 — Ricochet firing, 73 — Effect of firing upwards under 
a large angle, 65. 

FIXED AMMUNITION: Storing, 103-4— Weights of, 107. 

FLIGHT OF .PROJECTILES: Time of, 149. 

FLANK-CASEMATE cairiage, 140-41. 

FOOT, number of gallons in a cubic, 160. 

FOOT SOLDIER, space occupied by, in ranks, 153- 

FORGE, 143— Portable, 144— Number with a field battery, 
41 ; with field-park, 48. 

FORCES acting on a projectile, 51. 

FORCE of gravity. 159. 

FRICTION PRIMER: Description, 116; advantages of, 
116. 

FURNACES for hot shot, 97. 

FUZES: Definition, 109— Wooden, 109-10— Paper, 111— 
Bormann, 112-13— U. S. sea-coaftt,l\4^-C.om^Q.«NN:\vs^Vs^ 
mortar fuzea, 110; for paper fuzes, \\\. 
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G. 

GINS: Field and siege, 146; garrison, 146; casemate, 
146. 

GOMER CHAMBER, 32. 

GRAPE SHOT, 91 ; weight of, 107. 

GRATES for heating shot, 98. 

GRAVITY: Specific, 159— Force of, 169. 

GREASE for wheels, 158. 

GROOVES for rifle cannon, 168-4. 

GRENADES, 91— Angle of elevation for, when thrown 
from stone-mortars, 67. 

GROMMETS. 99. 

GUNS: Definition, 26— Lengths, 27— Weights, 27— Proof, 
22— Ranges, 68-9, 70-1-2— Nomenclature, 18, 14, 15— 
Principal parts of, 26 — Projectiles used with, 27 — How 
mounted, 26 — Natural angle of sight of, 26. 

GUN METAL: Bronze, 9, 10— Cast iron, 9, 10. 

GUNNERS' IMPLEMENTS: Level, 18— Quadrant, 18- 
.How used, 52-8. 

GUN-CARRIAGES: Field, 125-6; siege, 128; barhette, 
132-4; casemate, 188-9; flank-casemate, 140; moun- 
tain howitzer, 127 ; wrought iron, 141 ; prairie, 127-8,— 
Columbiad, 186-7. 

GUNPOWDER: Materials, 83— Proportions, 83— Manu- 
facture, 84 — Qualities of, 87 — Packing, 87-8 — Proving, 
86 — Expansive velocity and pressure, 87 — Hygrometnc 
proof, 87 — Relative quickness, 87 — Preservation and 
storage, 88-9 — ^Transportation, 89. 

H. 

HAND-CART, 145. 
HAND SLING-CART, 145-6. 
HAUSSE : Pendulum, 17. 
HAY: Weight of, 164. 

HORSES : Number required for a field battery, 42 ; for 
siege train, 37 — Power of, 152 — Space occupied by, 152 
— Number required for siege gun, 129 — Weight, 152. 
HORSE ARTILLERY: Peculiar advantages of, 43. 
HOT SHOT, 97-8— Loading with, 97— Expansion of, 96. 
HOWITZERS: Definition, ^ft—YLm^ oi,wA ^«i\!^V!Ltja,29 
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— ^Lengths, 28-9 — Number in field battery, 41 ; in siege 
train, 36 — Chamber, form of, 28 — Advantai^es of, 28 — 
Projectiles used with, 28 — Natural angle of sight of, 29 — 
Charges for, 62 — Pointing, 61. 

I. 

ICE: Strength of,' 166. 

IMPLEMENTS: Quadrant, 18; breech sight, 16; jjendu- 
lum hausse, 17 ; gunner's perpendicular, 18 ; pointing 
stakes, 57-8 ; pointing wires, 66 ; plummet, 18, 68 ; 
pointing cord, 67. 

INCENDIARY COMPOSITION, 117. 

INJURIES to cannon, 23. 

IRON preferred to bronze, 10. 

IRON CANNON used in land service, 10, 11. 

J. 
JUNK-WADS, 99. 

K. 
KNOB of cascable, 13 ; use of, 19. 

L. 

LACQUER, for iron guns, 160. 

LENGTH of cannon; Definition of, 11 — Extreme length, 
12. 

LINE, Of fire, 64— Of metal, 12; how directed, 62-8 ; not 
permanent, 64 — Artificial line of sight, 63. 

LIGHT BALLS, 92. 

LIMBERS : For field carriages, 126 ; for siege carriages, 129. 

LOADING: With hot shot, 97— Field shells, 100— Spheri- 
cal case, 101-2 — Mortar shells, 101-2 — Shells for colum- 
biadfl and other heavy guns, 102. 

M. 

MAGAZINES: Moisture of, how absorbed, 89; powder 
stored in, 88 ; precautions to be observed when.OY«kW,%f^. 

MARKING: Cannon, 21-2; condemned ft\io\» wji^L ^^'S^^ 
102; powder barrels, 88. 
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MARCHES: Horse-artillery, field-artillery, cavalry, and 
infantry, 168. 

MATCH: Quick. 116; slow, 116. 

METAIJ9 for artillery, 9. 

MOMENTUM, 151. 

MORTAR- WAGON, 145. 

MORTARS, 81— Advantages of. 81— Lengths and weights, 
33— Kinds, 11— Beds, weights of, 88— Platform, 121— 
Form of chamber. 32— Length of chamber and of bore, 
83 — Kinds of projectiles used with, 34 — Rapidity of fire 
of siege mortars, 84 — Pointing, 66, 68 — Greatest chargt< 
for, 62 — ^Angles of elevation for, 66-7 — Siege mortar 
beds, 180-1 — Coehorn mortar bed, 181 — Eprouvettebed, 
131— ^ea-coast mortar bed, 182. 

MOUNTAIN artillery : Dimension and weights of, 29— 
Composition of a battery, 42 — Ranges, 69. 

MULKS: Strength of, 152. 

MUZZLE : Definition, 16— Sight, 17. 

N. 

NATURAL ANGLE of sight, 12. 
NECK: Definition, 14. 
NOMENCLATURE of a piece, 18, 14, 15. 
NIGIIT firing: With guns and howitzers, 66 ; with mor- 
tars, 59. 

o. 

OATS: Weight of, 154. 

P. 

PACK horses, 152. 

PENDULUM-HAUSSE, 17. 

PENDULUMS: Length of; 158. 

PENETRATION of balls: In masonry, 150 ; in earth, 150. 

PERPENDICULAR, gunner's. 18. 

PILING: Balls, 103— Canisters, 104— Loaded shells. 104- 

Powder-barrels. 88 — Number of shot in a pile, 104-6. 
PLATFORMS, 118— Siege, 119-20 — Mortar, 121— Bail, 

121— Ricochet, 122. 
PLUMMWr: For mortar service, 18, 68 — Fop regulating 
march of infantry, 161. 
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POINT-BLANK RANGE, 63-4— Causea which vary it, 64 
— Effect on it of firing upwards under a large angle, 66. 

POINTING: Guns and howitzers, 51— Mortara, 66— Stakes, 
57-8— Wires, 66— Cord, 67— Board, 68. 

PORT FIRES, 114— Composition for, 116. 

POINT of fall, 78-4. 

PRAIRIE CARRIAGE, 127-8. 

PREPONDERANCE: Definition, 19— Why given, 19. 

PRIMERS: Friction. 116. 

PRIMING-TUBES, 116. 

PRESERVATION: Of cannon, 26— Fixed ammunition, 
103-4— Balls, 102— Grape and canister, 103— Fire-balls, 
104. 

PROJECTILES : Solid shot, 90— Shell, 90— Spherical case, 
90 — Canister, 91— Grape, 91 — Grenades,91 — Carcasses,92 
— Fire-balls, 92— Light-balls, 92— Smoke-balls, 98^Hot 
shot, 97-8 — ^Forces acting on, when fired from a piece, 61— 
Kind used with field pieces, and distance at which they 
should be employed, 46. 

Q. 

QUADRANT, gunners : How used, 62-8. 

QUARTER SIGHTS, 16. 

QUICK MATCH, 116— How set fire to, 117. 

R. 

RANGES: Definition, 63— Point-blank, 63— British point- 
blank, 68 — Causes which vary point-blank, 64 — Extreme 
range, 66 — Angle of greatest range in vacuo, 66 — 
Tables of; 68-9, 70-1-2 — How ascertained, 149. 

RATE OF MARCH of horse-artillery, cavalry, and in- 
fantry, 158. 

RECOIL: Definition, 77— Cause of. 77— Amount, 77— 
Has no appreciable effect on flight of projectile, 78 — 
Influence oi position of axis of trunnions on, 78-9. 

RE-INFORCE, 18— Band, 18. 

RESISTANCE OF AIR to projectiles, 147-8. 

RICOCHET : Definition, 73— Object of, 78— Ko^ ^^^- 
ducted, 74-6— Advantages of, ^?;— ISaXx^^ ^V *VV- 
ChargeB for a Jlattened ricocYiet,*lft\ iot c\vr«ateA,^^ 
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Tables of ricochet firiog, 76 — Pieces best adapted for, 
75 — ^Distance from object of ricochet battery, 74r-6reai- 
est angle of elevation for ricochet firing, 74. 

RIFLE-CANNON : Experiments at Fort Monroe, 166-7- 
Armstrong gan, 165. 

RIM BASES, 14. 

RING WADS, 94. 

RIVERS: Breadth, 156-7. 

ROPES: size and strength of, 156. 

S. 

SABOTS: Difference in, for field service, 98— Arrang<y 
ment for field-guns and 12-pdr. field-howitzer, 98 ; in 24 
and 82-pdr. field-howitzera, 98 — Mode of fastening sa 
bots to projectiles for field-service, 98-4; for heav] 
shells, 94 ; for canisters, 94-5 ; for grape-shot, 96. 

SEA-COAST PIECES, how mounted, 86— Number m( 
kind required for sea-board forts, 86 — ^Heavy sea-cots 
mortar-bed, 131-2. 

SCALING a piece, 21. 

SHOT: Solid, 90— Hollow, 90— Rule for finding weight 
and diameters of cast-iron shot, 95 — Condemned shol 
how marked, 102 — Piling, 103-4 — Preservation, 102- 
— Forces acting on a shot, 51 — Penetration, 149-50- 
Time required to heat, 97-8 — Expansion of by heat, 96- 
Ranges of, 68-72 — Method of driving out shot wedg» 
in the bore, 21 — Velocity of, 147. 

SHELLS, 90; Dimensions and weights, 106-7 — Mode c 
computing weight of, 95 — Quantity of powder to fill, 9 
— Strapping, 93 — Loading, 100-1-2 — Ranges, 68-72- 
Condemned, how marked, 102 — ^Velocity, 147. 

SIGHTS of a piece: Definition, 12 — How determined, 1 
— Quarter, 16. 

SIEGE-ARTILLERY: Kinds, 86— Proportions in a sieg 
train, 86 ; of carriages, 86-7 ; draught horses, 37 ; pK 
jectiles and ammunition, 37-8 — Siege mortar-beds^ 13U-] 

SLING-CART: Hand, 146. 

SLOW MATCH, 116. 

SMOKE BALLS, 98. 

SOUND: Velocity, 16\— T>\6\aiiaft d^Urmined by, 15L 
SPECIFIC GRAVITY, IS'd. 
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lOAL CASE, 90— Loading, 100-1. 

TG cannon, 20. 

IS, pointiog: How planted, 57-8. 

MORTAR: Length, 38— Weight. 33— Calibre, 88 
agth of bore, 38 — Length of chamber, 88 — Use of, 
itones, how disposed, 84. 
TO of fixed ammunition, 108-4. 
PING SHOT and shells, 93-4. 
GTH : Of ice, 156— Of rope, 156. 
i of the muzzle, 14. 

T. 

S : Of charges, 62— Of ranges, 68-9, 70-1-2— Of 

ige, 81-2 — Of weights of ^r<»jectile8, 106-7 — Of 

ires, 169 — Of avoirdupois weight, 159. 

3S of field artillery, 44-5-6-7-8-9-50. 

:NT scale, 16. 

►F FLIGHT for siege-mortars, 67— How found, 149. 

CTORY, 64. 

PORTATION: Of artillery by sea, 161-2— Of siege- 

129. 

;RSE circles, 186, 

IONS: Definition, 14 — ^Use, 19 — ^Position in mor- 

Jl— Beds, 129. 

^VIWDAGE: Definition, 15. 

^' 
CING cannon, 21. 

V. 

CIENNES composition, 117. 
ITY: Of balls, 147— Loss of, bv resistance of air, 
Of sound, 161 — Lossot by windage, 81. 
Definition, 16 — Position and diameter of, 16. 
:5AL FIRE, 81. 

,W. 

Grommet, 99 — Jnnk, 99 — ^Hay, for firing hot- 
»8. 

.: Weight of, 161 — AUowant^ ioT «b xajMi wA %. 
164, 
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WEIGHTS: Guns, 27— Columbiada^ 80— Howitzers, 29- 
Mortars, 83— Prmectiles, 106-7— Of wheels for field car- 
riages, 144; and for siege carriages, 144 — Proportion 
between weights of shot, 95 — Of cast-iron shot or shell, 
how determined, 96 — Quantity of powder to fill a shell, 
how found, 96 — Carried by horses, 162 — Carried by an 
infantiT soldier, 164. 

WHEELS : Field carriage, size and weight, 144— Siege car- 
riage, size and weight, 144 — ^Parts of, 124. 

WINDAGE : Definition, 80— Amount, 81-2— Loss of velo- 
city by, 81 — ^Advantage of a reduction of, 81. 

WIRES, pointing, 66. 
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